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SKELETONS OF PRIMEVAL SALAMANDERS. 
(Much enlarged.) 


Protriton, A, and Pelosaurus, B.— From Credner. 


CHAPTER Ill 


THE PRIMEVAL SALAMANDERS— ORDER LABYRINTHODONTIA ~ 


THE remaining amphibians are extinct, and form an order mainly characteris- 
tic of the upper Paleozoic and Triassic periods, but also lingering into the Juras- 
sic. They derive their name of Labyrinthodonts from the complex structure of 
the teeth of the higher forms; these displaying a peculiar pattern, caused by infold- - 
ings of the outer layer, which penetrate nearly to the centre of the crown in fes- 
tooned lines. Most of these creatures have the general form of a salamander, with 
the front limbs shorter than the-hinder pair; the latter having always five toes, al- 
though in the former the number may be reduced to two. Their most characteristic 
feature is, however, to be found in the structure of the skull, in which the bones: 
are generally covered with a pitted or radiated sculpture, somewhat similar to that 
of crocodiles. From the following figure of the skull of the mastodonsaur, it 
will be seen that the whole of the upper surface behind the sockets of the eyes is 
covered by a complete bony roof, extending continuously from the bone marked P. 
which immediately covers the brain cavity to the sides of the hinder part of the 
jaws (Q/), whereas in all the modern salamanders this region is more or less open. 
This roofed skull of the primeval salamanders presents an approximation to the 

| : (2679) 
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earlier fishes; and a resemblance to that group is also shown by the paired supraoc- 
cipital bones (SO), which in all the higher Vertebrates are fused together. Nearly 
all these somulotr spe are further distinguished ‘by having the chest protected by 
three sculptured bony plates, one of which is cen- 
tral while the other two are lateral; the position of © 
these plates being shown in our figure of the skel- 
eton, where they are seen on the lower surface of 
the body, immediately behind the head, underly- 
ing the backbone and ribs. Besides this armor, 
some species had the whole of the under surface 
of the body protected by a series ‘of bony scales, 
arranged in a chevron pattern; while in a few in- 
stances similar scales also invested the upper sur- 
face of the body. ‘The majority of the members 
of the order had the vertebree of the backbone in 
the form of simple doubly-cupped discs, similar to 
those of fishes; but in some of the most primitive 
types, each vertebra consists of four distinct 
SKULL OF THE MASTODONSAUR, WITH pieces, namely, a single basal piece (2), a pair of 
SEE, SCULETURE OMITTED: lateral pieces (f/), and a single arch and spine 
(About one-eighth natural size.) (.) Among some reptiles the basal piece re- 
SO. supraoccipital; Zp. epiotic; P. parietal; 5 s 2 
Sq. squamosal; ST. supratemporal; Q/. quad. Mains between two adjacent vertebree as the inter- » 
ob rg eee Lanes PPE. pretontalt 7 centrum; but in the higher forms the other 
ee ae havao letice, maxilla. The elements coalesce. Since a similar type of verte- 
bra occurs in certain extinct fishes, we have in this 
structure another bond between the latter and the primeval salamanders. Brief 
reference must also be made to the small aperture in the roof of the skull of the 
primeval salamanders in the bone marked /P, since this corresponds to one in 
the skull of the tuatera lizard of New 
Zealand. In that animal the aperture 
overlies the rudiment of an eye sunk. 
deep down in the brain and now to- 
tally useless, but probably functional in the 
tuatera’s ancestors. The large size of the 
aperture in the primeval salamanders sug- 
gests that the central eye may still have 
been capable of receiving impressions of 
light, although we may have to go back to 
earlier forms before it was of any func- 
tional importance as an organ of vision. : : 
As in many existing amphibians, teeth TWO VERTEBRA! OF A PRIMEVAL 
frequently occur on the bones of the palate sie pee te: 
prz is the anterior and fz the posterior end. 
as well as in the margins of the jaws. An- 
other feature of the skulls of many members of the order 1s Ae presence of what are 
called mucous canals in the bones of the upper surface, as shown both in the above 
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and the accompanying figure; these canals also occurring in certain fishes. So 
far as can be ascertained, both external and internal gills generally disappeared 
in the adult. Varying from the size of a small newt to that of a crocodile, 
the primeval salamanders are of especial interest to the evolutionist, as it is 
pretty certain that not only are they the descendants of primeval fishes, but that 
they are the ancestors both of the modern Amphibians and the extinct Anomodont 
Reptiles. And it is probable that Mammals have originated, either directly from 
them or from a lost group intermediate between them and the Anomodont Reptiles. 
They appear to have been spread over the whole globe, and they have been divided 
into several subordinal: groups. Among these the 
highest are the true Labyrinthodonts, typically 
represented by the gigantic MJastodonsaurus and the 
somewhat smaller Jetofosaurus of the Trias. These 
were crocodile-like animals, generally with disc-like 
-vertebree in the adult, the teeth more or less plicated, 
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and the surface of the skull marked with sculpture DAG. 
and mucous canals. .In the Permian A7chegosaurus, NS; 


the vertebrze were, however, of the complex primitive. 
type. The Gilled Labyrinthodonts, as represented 
by Protriton and FPelosaurus, are a group of much 
smaller forms, characterized by their barrel-shaped 
vertebre, pierced by a remnant of the canal of the 
primitive notochord; short and straight ribs, artic- | 
ulating by a single head; simple teeth, and the — sxurz, oF THE METOPOSAUR. 
absence of ossification in the occipital region of the _—- (One-third natural size.) 
skull, as well as in the wrist and ankle joints; a fur- 

ther point of distinction being the development of internal gills in the young. The 
Permian and Carboniferous Snake-like Labyrinthodonts are characterized by the 
snake-like form of the body, and the apparent absence of limbs. ‘The vertebrae were 
elongated and without spines, while the ribs were slender and barbed like those of 
fishes, and the teeth. smooth and simple. Probably the external gills persisted 
throughout life. In Britain the group is represented by the small Dolichosoma; but 
Paleosiren of Bohemia. is estimated to have been over forty feet long. If these crea- 
tures prove to be the ancestors of the worm-like Amphibians, it would show that 
the latter are distinct from the newts and salamanders. ‘The Microsauria include 
small lizard-like forms, such as Ceratoerpetum and Hylonomus from the Carbonifer- 
ous of Europe and Nova Scotia, which appear more highly organized than the pre- 
ceding, and thus connect the Amphibians with the Beaked Reptiles. Their 
vertebree are long and constricted, with traces of the notochord; the ribs are gener- 
ally long, curved, and two headed; the teeth have large central pulp cavities, but no 
plications; the occiput is ossified, but the wrist and ankle are either ossified or car- 
tilaginous, and in some cases the back is covered with bony scales. In several forms 
the bony scales on the under surface are so slender as to assume the appearance of 
abdominal ribs like those of the Beaked Reptiles. 
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CHAPTER | 
GENERAL CHARACTERISTICS—CLASS Pisces 


ALTHOUGH in popular language lampreys are included among fishes, while un- 
til quite recently the lancet was very generally placed by zoologists in the same 
class, it now seems preferable to make each of these the representative of a distinct 
class, and the true fishes can consequently be defined with greater precision. In 
this somewhat restricted sense fishes may be described as cold-blooded vertebrate an- | 
imals, adapted for a purely aquatic life, and breathing almost invariably by means 
of gills alone. They have a heart consisting generally of only two chambers (three 
in the lungfishes); the limbs, if present, are modified into fins; there are unpaired 
median fins, supported by fin rays; and, as in all the higher classes, the mouth is 
furnished with distinct jaws. The skin may be either naked, or covered with scales 
or bony plates. Asa rule, fishes lay eggs; and the young do not undergo a distinct 
‘metamorphosis. : | 7 
With the Tailed Amphibians the class is very closely connected by means of 
the lungfishes, which are furnished not only with internal gills, but likewise with 
functional lungs, and during the early part of their existence with external gills; 
while these fishes also differ from the other members of the class in that the nostrils 
communicate posteriorly with the cavity of the mouth, as in the higher Vertebrates. 


Although the bony fishes of the present day form a specialized side branch, which 
(2682) j ; ; 


GENERAL CHARACTERISTICS 2683 


hhas lost many of the characteristics common to ne two: classes, it will be evident 
that Fishes and Amphibians are very closely-allied groups; the latter of which has 
been directly derived from the former. Geologically, fishes are older than any of 
the classes hitherto described, their fossil remains occurring in strata belonging to 
the upper part of the Silurian division of the Palaeozoic epoch. 

The form of a typical fish is so well known that it will be quite unnecessary to 
describe it; and it may be mentioned that this typical form, which is the one best 
adapted for progress through water, is very general among fresh-water fishes, al- 
though the eels constitute an exception in this respect. Much greater diversity 
exists, however, among the marine representatives of the class; and we may cite as 
extreme types a shark, a flat fish, a ribbon fish, and a globe fish. 

The structure of the skeleton, both external and internal, being at 
the utmost importance in the classification of fishes, it is essential that 
the attention of the reader should be more fully directed to this point than has 
been done in the case of the higher Vertebrates. . It should first be mentioned 
that fishes are divided into four subclasses, namely, the Lungfishes or Dipnoi; the 
_Chimezeroids or Holocephali; the Bony Fishes and Ganoids or Teleostomi; and the 

Sharks and Rays or Elasmobranchii. These may be further subdivided into orders 
as follows: 


-Classification 


1. Lungfishes — Subclass DIPNOI. — 
(1) True Lungfishes — Order SIRENOIDEI. 
(2) Berry-Boned Fishes — Order ARTHRODIRA (extinct). 
2. Chimzeroids — Subclass HoLocEPHALI. 
3. Bony Fishes and Ganoids — Subclass TELEOSTOMT, 
(1) Fan-Finned Fishes— Order ACTINOPTERYGII. — 
(2) Fringe-Finned Ganoids— Order CrossopTERYGII. 
4. Sharks and Rays— Subclass ELASMOBRANCHII. 
(1) Acanthodians — Order ACANTHODII (extinct). 
(2) Fringe-Finned Sharks— Order IcHTHYOTOMI (extinct). 
(3) True Sharks and Rays — Order SELACHOIDEI. 


In regard to the external skeleton, the most characteristic type takes 
the form of scales. When these overlap and their posterior border is 
entire, such scales are termed cyclozd, but when serrated, cfenotd. ‘The 
external skeleton may, however, take the form of plates or granules, which in the 
-chimeeroids and sharks and rays are generally isolated, and have a structure 
_-precisely similar to that of teeth, consisting of a base of ivory or dentine capped — 
with enamel. The so-called ganozd scales, like those of the bony pike, are, on the 
other hand, quadrangular, and often connected by a peg and socket arrangement; 
they are formed of true bone capped with an enamel-like substance termed ganoin, 
-.and true bone likewise occurs in the plates of the sturgeons. A series of specially 
modified’ scales, running along the sides of many fishes, constitute the so-called | 
tateral line, which is partly connected with the supply of mucus; and certain large 
‘V-shaped scales on the borders of the fins of many extinct bony fishes are known as 
fulcra. ‘The jin rays, which also come under the designation of dermal structures, 


“External 
Skeieton 


‘tig Stared jo shvr yJos puke piey “az ‘yy istajad +7 ‘repnotavpoysod «y ‘7 ‘ug jesozad jo sher ‘zy ‘9 ‘speseq ty feindeos «yz !prose10d ‘g {3¥{ 
“MOIABID D Mrelnorarpeidns ‘g ‘ye10duta}-jsod *p ‘ay [eue jo sAvl yOs pue prey ‘s “4 ‘ug [eue jo sjeurdssoqzur ‘db ‘sourds [emewyisjui “g ‘uy yepnes jo skex1 yos pue prey 
‘oO ‘u ‘uy Tesiop Jopury jo shel qos ‘mw pue ‘pley ‘7 ‘ug [esiop Joltazue jo sAev1 uy ‘y¥ ‘syeuldsiaj}ur Joria}sod ‘2 ‘sjeurdsiszUL Josue “yY ‘@1qa}19A Jo seuids pue sayoie 
tolisdns “# tsqtt jo sqieq ff ‘squi ‘a ‘wiqe}ies [te] jo soulds pue soyoie IOLajuL ‘p ‘sassa001d asiaAsueI} ‘2 ‘wIqeayI9A [Ie] JUSNYUOD ‘¢g ‘wiqs}19A ‘Dp ‘(paTeeot0.) sjTeAy 
‘LE ‘Ae[NSue “gg ‘reyMoTIe “eg ‘Areyop ‘FE ‘e[NoJadorsjzUL “gg ‘re[MoIedoqns ‘Gg ‘opjooTduAs "Tg ‘1ejno1adosid ‘og ‘(payeaowos) [eAYoTAYs “6% ‘aenoiado °9z ‘prosA1ajzdejam 
"13 ‘ayerpenb ‘92 :prosArajydoyua ‘eZ ‘prosArajdozpa “FZ ‘1e[nqipueModAY ‘EZ ‘(paTeeouos) ouLjeled “7% ‘[e1oduisyeidns “TZ ‘[eseu “OZ ‘SUIT [eyqioesjUI “6, ‘gf ‘auoqmes 
4addn 10 eyprxeut ‘gf ‘eyjrxeuoid ‘zt '(6t Aq uappry) Jewi0a ‘gt {(paytesomos) prouaydseid ‘et ‘prousydsoyiqso ‘fI ‘yesowenbs ‘g— ‘ployseur ‘ZT {(payesomos) plousydstys 
"TIT ‘yewdrooxs ‘oT ‘reydrooored “6 ‘yeydrooovsidns ‘g ‘yeyatied ‘, ‘prousydseied ‘9 ‘(payesom0d) [eyIdroooIseq “¢ ‘Te}UOIJ}Ssod “7 ‘prowmmyye ‘g ‘yeynorzord *e ‘[eyWOIy ‘T 


‘HOUAd AO NOLAINMS 


Serer ft 


re 


Sa Hts 
cog gO 0 OURO ery TICLE es 
—— = 


COLT TTT TTT ay 
tee SAAT UCRN CUTE 


tt 
PTT ep 
ve rita 


FISHES 


2684 


GENERAL CHARACTERISTICS 2685 


are shown in the skeleton represented on p. 2684, and occur in both the median, and 
paired fins, of which the names are also given in the same illustration. In the 
median fins the bases of these rays articulate with the zuterspinal bones, or, in 
clasmobranchs, with the vadial cartilages. ‘The first 3 
rays of the pectoral and dorsal fins may be developed 
into long spines, having the same structure as teeth. 

In the internal skeleton the backbone is 
divisible only into a trunk and caudal 
moiety. In the fringe-finned ganoid 
fishes the primitive notochord persists, although it may 
be partly surrounded by rudimental arches; while in 
the sharks and higher bony fishes the column is divided - 
into segments, forming vertebree with doubly-cupped 
bodies. In sharks and rays the arches and. bodies of 
the vertebrze remain separate, but in the other groups 
they are fused together; in the tail, as shown in our | 
figure of the skeleton of the perch, there is also an 
inferior arch and spine to each vertebra. In the more 
primitive fishes the notochord is continued to the 
hinder extremity of the body, where it is surrounded 
_. symmetrically by the rays of the caudal fin; this type, - 
which is shown in the accompanying figure of the 
skeleton of an extinct fringe-finned shark, being 
termed the /vinge-tailed, or diphycercal, Whereas in 
some fishes with this type of tail the fringes on the 

upper and lower portions of the caudal fin are of 
nearly equal depth, in others the lower fringe of rays 
becomes somewhat deeper than the others, and a 
further development of this inequality results in the 
partially-forked or heterocercal tail of the modern 
sharks and sturgeons, where the end of the backbone 
is bent upward into the longer superior lobe of the 
tail, the lower lobe of which is formed exclusively 
of rays. The lungfishes and sharks have never 
advanced beyond one or other of these types; but 
the bony fishes and ganoids, which started with the 
primitive fringed lobate type, by a gradual shortening 
of the central part of the tail fin, accompanied by an 
increasing development of the rays on its lower side, 
have evolved the completely-forked or homocercal tail 
of the perch, in which, as shown in the figure, the 
backbone stops short of the fin rays, and ends in an : | 
expanded, unsymmetrical extremity, from which these rays are given off in a fan- 
like manner, so as to produce an appearance of perfect symmetry in the whole 
structure. | 
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Turning to the limbs, or paired fins, we find that while in the existing elas~ 
mobranchs there are no membrane bones (as the elements of the skeleton not 
formed from primitive cartilage are termed), in the higher bony fishes the pectoral 
girdle, as shown in the figure on p. 2684, comprises a scapula and a coracoid, 
flanked by a series of membrane -bones, “known as the ost-temporal, supra- 
davicular, caviular, and postdavicular. 'The pelvis 
is generally absent; and is never highly developed. In 
all the cases the basal and radial bones of the pectoral fins. 
articulate directly with the pectoral.girdle, so that there 
are no segments corresponding to the arm-and fore-arm 
of the higher Vertebrates. In the paired fins the struc- 
ture is very similiar to that of the tail; and a similar 
transition from a fringed to a fan-like type may be 
traced as we pass from the primitive to the specialized 
forms. For instance, in the figure of the perch’s. 
skeleton on p. 2684, we may notice that the paired fins. 
are formed of 4 number of hard rays spreading out in 
a fan-like manner from a single point of origin; and. 
the same general type obtains in the existing sharks and 
rays. Incertain extinct sharks, like the one of which 
the skeleton is shown on p. 2685, as well as in the lung- 
fishes and the fringe-finned ganoids, the pectoral fins: 
have a long central lobe running for some distance up: 
the middle, and completely covered with scales (where 
these are developed), while the rays of these fins form. 
a kind of fringe radiating on all sides from the central: 
lobe. ‘The skeleton of such a fin, which is known as. 
an archipterygium, consists of a long cartilaginous axis, 
composed of a number of joints, gradually decreasing in 
size from the base to the extremity, as.shown in the- 
figure on p. 2687. From one or both sides of such : 
joints there are given off a number of oblique ‘smaller 
jointed rods, terminating in the fine rays forming the free: 
edges of the fins. How different is the structure of this. 
fin from that of the higher bony fishes will be apparent. 
by comparing the accompanying figure with that of the 
skeleton of the perch on p. 2684. In the lungfishes this: 
primitive type of fin has persisted to the present day; in 
the sharks it has now totally disappeared; while among” 
the bony fishes and ganoids, in the latter of which it was: 
the universal type at the period of the Old Red Sandstone, 
it now only remains in a modified form in the bichir of 
the Nile, having been developed in the modern bony fishes into the fan'type. It 
may -be mentioned that the latter modification of fin is obviously the one. best 
adapted for quick-swimming fishes, the fringe-finned type partaking more of 
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the nature of clumsy paddles, and being adapted for slowly-moving forms like the 
lungfishes, which pass most of their time among the mud at the bottom of rivers. 
It must not be supposed, however, that even the fringed type is the most primi- 7 
tive form of fin known, since in an extinct armored shark (Cladoselache) from the 
Carboniferous formation, we meet with what may be called the fold type of paired 
fins. In these fishes (one of which is figured in the sequel) the pectoral and pelvic 
fins are placed far apart, but in the same longitudinal line, and are formed of a. 
series of parallel cartilaginous rods arising from an extended base, and projecting 
at right angles to the body; the pectoral pair being considerably the larger. Assum- 
ing that fishes originally possessed on each side of the body a continuous fold of 
skin, strengthened by parallel cartilaginous rods projecting at right angles, this. 
fold type is exactly what we should expect to find in the evolution of pectoral and. 
pelvic fins, by the disappearance of a considerable portion 
of the original fold, and the development and basal con- 
traction of the remaining moieties. | 
Although the structure of the skull is of the highest 
importance in the classification of fishes,.our remarks on 
this subject must be very brief. In the skulls of the 
higher bony fishes the original cartilaginous cranium, 
which persists in the sharks, ts overlain by a number of 
membrane bones, the names and position of which are 
indicated in the figure of the perch’s skeleton on p. 2684. 
Among these the p/evotic and sphenotic are peculiar to the 
class, and there is always a large parasphenoid underly- 
ing the base of the skull. The intervention of the ele- 
ments known as the hyomandibular and symplectic between sKKLETON OF PECTORAL FIN" 
the squamosal and the quadrate is unknown elsewhere, OF AN EXTINCT FRINGE-. 
although it is by no means universal among fishes. Gaaeene  oe 
Among other bones may be mentioned the z/fraorbital a ae 
ving beneath the eye; as well as the preopercular, subopercular, interopercular,. and. 
opercular, collectively constituting the gill cover or operculum of the bony fishes. 
In the gzl/ (or branchiostegal) membrane which joins with the gill cover in closing in 
the gill chamber, there may be developed a number of g7l/ (or bvanchiostegal) rays; — 
but these may be partially or entirely replaced by jugular plates, occupying the 
space between the two branches of the lower jaw. It will be unnecessary to men-— 
tion by name the various bones constituting the hyozd arch, which is attached to the’ 
inner side of the hyomandibular by the stylohyal, and extends forward to support. 
the tongue; and it will suffice to state that behind this arch are situated the branchial - 
or gill arches, to the inner margins of which are attached the spine-like gill rakers. 
In the lower jaw or mandible, there is usually both a dentary and an articular piece; 
but an axgular, and more rarely a splenial or coronoid element may likewise be de-- 
veloped. ‘on Fe. . 
Teeth The teeth of fishes present a greater degree of variation than is. . 
found among any other class’ of Vertebrates. While in some cases 
they may be totally wanting, in others they may be developed on all the bones of 
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the mouth, and even on the hyoid bones and gill arches; and they may be attached 
only to the membrane lining the cavity of the mouth. Frequently they are welded 
to the underlying bone or cartilage by a broad basis; but, as in the saw fishes, they 
may be emplanted in distinct sockets. Usually the coating of enamel is very thin; 
and the ivory, or dentine, is more vascular than in the other classes. In rare instan- 
ces the ivory may be penetrated by branching prolongations from the central pulp 
cavity, as well as by similar infoldings from the exterior, thus producing a structure 
similar to that obtaining in those of the primeval salamanders. As a general rule 
the teeth are being constantly renewed throughout life, but in a few instances a 
single set persists. | 
| In beauty, variety, and. changeability, the colors of fishes cannot be 
exceeded by those of any of the other vertebrate classes; metallic tints 
and almost all the colors of the rainbow being very commonly displayed, while the 
beauty of the coloration is often enhanced by the rapid changes it undergoes. In 
many cases the coloration is of a protective nature. An example of this is afforded 
by the coloring of the upper surface of many flat fishes, such as flounders, which 
exactly harmonizes with the tints of the sea bottom on which they dwell; while 
another equally marked instance presents itself in the case of so-called pelagic fishes, 
like the mackerels and flying fish, which live near the surface of the sea, and have 
the under parts silvery white, and the back mottled with dark green and black. 
When viewed from below against the light sky such a fish is practically invisible, 
while it is equally inconspicuous when seen from above among the dark waters. 
- The body of fishes is made up of a great lateral muscle on each side, 
divided into a tiumber of segments corresponding with the vertebree, 
and also separated into a dorsal and ventral moiety by a median longitudinal groove. 
On its surface the lateral muscle is marked by a number of white zigzag stripes, 7 
generally forming three angles, of which the middle one is directed forward; these 
stripes being formed by the edges of the tendinous divisions between the segments. 
Generally the muscles are glistening white in color; but in some instances they are 
-“ salmon-colored,’’ this tint being due to the coloring matter of the crustaceans on 
which such fish subsist, which is turned red by the action of the digestive fluids in 
the same manner as by boiling. The electric organs possessed by certain fishes are 
considered to be probably formed from specially developed muscles. With regard — 
to the brain, it will suffice to say that it is of an exceedingly low type; and that the 
ear lacks the tympanum and tympanic cavity of the higher classes. In the bony 
fishes there occurs at the base of the brain cavity a sac, often divided into two . 
‘unequal-sized chambers, and each of which contains an ear bone or ofolith of very 
dense structure. ‘These otoliths, which are very constant in form in the different 
groups, frequently have scalloped margins and groove-like markings, formed by the 
ramifications of the auditory nerve. The tongue is frequently absent, and if present 
is of very simple structure and incapable of protrusion; and since fishes generaily 
bolt their food without mastication, it is probable that they have little, if any, sense 
of taste. With regard to the digestive organs, it will suffice to mention that in the 
sharks, rays, and chimeeroids the intestine for a large portion of its length is pro- 
vided with a spiral valve, a similar structure occurring in the ichthyosaurian reptiles. 
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The gills of sharks, rays, and chimzeroids are contained in pouches, usually 
five in number on each side; each pouch opening externally by a slit, and also com- 
municating by a separate aperture with the pharynx. In the embryos filamentous 
gills protrude externally from the slits. The sfzvacles found on the top of the head 
in the groups mentioned are the external openings of a canal leading on each side 
into the pharynx, and represent what is known as the first visceral cleft in the em- 
bryce. In the bony fishes the gills, which are generally four in number, lie in one 
undivided cavity on each side of the head, supported by their gill arches, and cov- 
ered over by the gill cover, which is open behind. In ordinary respiration the 
water is taken in by the mouth, and by a kind of swallowing action driven over the 
gills, after which it is expelled by the gill opening. Allusion must be made in this 
place to certain organs known as false gills, or pseudobranchie. These are remains 
of a gill situated in front of the persistent ones, which was functional during em- 
bryonic life, but in the adult appears merely as a plexus of blood vessels. Although 
the majority of fishes breathe in the manner indicated above, in many forms this is 
by no means the sole method of respiration. On this subject Day observes that 
respiration in fishes is carried out normally, either by their using the air which is 
held in water to oxygenate the blood at the gills, or ‘‘ by taking in atmospheric. air 
direct, which is employed at a special organ, where it oxygenates the blood, which 
can be returned for use into the general circulation without going through the gills. 
_ ‘The true amphibious fishes respire by the latter method. No doubt we observe that 
fishes which normally oxygenate their blood solely at their gills do rise to the sur- 
face in very hot weather, when the water is foul or insufficiently charged with air, 
and take in air by the mouth; likewise we find that those which mainly take in at- 
mospheric air direct by the mouth may, to a certain extent, be able to use their 
gills. If fishes having these two different modes of respiration are placed in a globe 
of water, across which a diaphragm of net is inserted below the surface, so as to 
prevent their obtaining access to the atmosphere, those of the class which oxygen: 
ate their blood at the gills are unaffected, whereas those which have accessory 
breathing organs and take in air direct die from blood poisoning.’”’ — 

One of the most characteristic organs of fishes is the air bladder, which is a 
long sac filled with gas lying in the abdominal cavity, which may be either com- 
pletely closed, or may communicate with the alimentary tract by means of a duct. 
As it is susceptible of compression, its usual function appears to be to regulate the 
specific gravity, or to change the centre of gravity of the fish; but in the lungfishes 
it assumes the characteristics and functions of the ee of the higher Vertebrates, 
to which, indeed, it corresponds. 

Although in the few fishes wien produce living young, as well as 
in the sharks and rays, an actual connection takes place between the 

two sexes, in the great majority of the class the ova are deposited by the female, 
after which they are fertilized by the male. The bony fishes lay numerous eggs 
which are of relatively-small size and may be extremely minute, those of the eel 
being almost microscopic; but there is a considerable degree of variation in this re- 
spect. In the herring the number of eggs in the ‘‘roe’’ has been estimated at 


twenty-five thousand, and in the cod at over nine millions. Only in a catfish 
169 
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(Aspredo), where they are pressed into the skin of the under surface of the body, 
and a pipefish (,So/enostoma), where they are carried in a pouch formed by the coa- 
lescence of the broad pelvic fins with the skin of the body, is the female known to 
take any care of her eggs after spawning. Among the bony fishes there are, how- 
ever, several instances where the young are more or less carefully tended by the 
male parent; some, like the sticklebacks, building a nest, while others, like certain 
pipefishes, have an abdominal pouch in which the eggs are hatched. The eggs of | 
sharks, rays, and chimeeroids differ remarkably from those of bony fishes, being 
large in size, few in number, and laid singly instead of in masses. They are in- 
vested in a hard horny envelope, which is generally oblong in form, with the four 
corners produced, and frequently elongated into tendrils by means of which the egg 
is moored to some foreign substance. ‘The males of these fishes are armed with or- 
gans known as claspers, which are partially ossified processes arising from the pubis, 
and are evidently connected with the function of reproduction. The young of many 
fishes differ markedly from the adult; and certain peculiar creatures with long 
ribbon-like bodies and small. heads, for which the name of Leptocephali has been 
proposed, are believed to be the young of littoral fishes which have been carried out 
to sea, where they have undergone an altogether abnormal development. ‘The 
changes which take place in the flat fishes during development may be more con- 
veniently noticed under the heading of that group. Aithough male and female rays 
differ remarkably from one another in the structure of their teeth, while both in 
this group and in the sharks and chimezeroids the males are distinguished by the pos- 
session of the aforesaid claspers, there is generally but little sexual difference among 
fishes. In the bony fishes, however, the females are larger than the males; among 
the cyprinodonts the difference between the two being occasionally as much as six 
times. 7 ? | 
Fishes exhibit a remarkable degree of difference in regard to thei: 
“power of bearing changes from. their normal environment. On this 
subject Dr. Giinther writes that, ‘‘ some will bear suspension of respi- 
- ration —caused by removal from water, or by exposure to cold or heat — for a lone 
time, while others succumb at once. Nearly all marine fishes are very sensitive to 
changes in the temperature of the water, and will not bear transportation from one 
climate to another. ‘This seems to be much less the case with some fresh-water 
fishes of the temperate zone; since carp may survive after being frozen in a solid 
block of ice, and will thrive in the southern parts of the temperate zone. On the 
other hand, some fresh-water fishes are so sensitive to a change in the water that. 
they perish when transferred from their native river into another apparently offer- 
ing the same physical conditions. Some marine fishes may be abruptly transferred 
from salt into fresh water, like sticklebacks; others survive the change when grad. 
ually affected, as many migratory fishes; while others, again, cannot bear the least 
alteration in the composition of the salt water (all pelagic fishes). On the whole, 
instances of marine fishes voluntarily entering brackish or fresh water are very nu- 
merous, while fresh-water fishes proper but rarely descend into salt water.’’ : 
The foregoing remarks lead naturally to the subject of the distribution of 
fishes, a subject which the limits of space compel us to dismiss with a few sentences. 
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In the first place, we find that many marine fishes have a much less wide 
geographical distribution than might at first sight be expected; while, . 
~ on the other hand, we find families and genera, and even species, of fresh-water fishes 
inhabiting widely separated areas of the earth’s surface. The primary division into 
fresh-water and marine fishes does not form such a sharply defined boundary as is 
commonly supposed, the transition being formed by the brackish-water types, spe- 
cies or even individuals of which can accustom themselves to live in either salt or 
fresh water. ‘Then, again, we have certain essentially fresh-water fishes, like the 
salmon and some kinds of catfish, which pass a certain period of their existence in 
the ocean; while, on the other hand, some marine forms, such as sturgeons, period- 
ically ascend rivers for the purpose of spawning. . To a certain extent such habits 
will help to explain the occurrence of peculiar families of fresh-water fishes (such 
as the chromids of Africa, South America, and India) in widely-separated areas, 
although this must probably be supplemented by dispersal from a common northern 
centre. | | . 
After the separation of the fresh-water and brackish-water types, the marine 
fishes are divided by Dr. Giinther into a littoral, a pelagic, and a deep-sea group, 
although here, again, no hard-and-fast lines can be drawn. The littoral or shore 
fishes are those found in the immediate neighborhood of land or sunken shoals, the 
majority living close to the surface, and very few descending as deep as three hun- 
dred fathoms. ‘Their distribution is determined not only by the temperature of the. 
surface water, but likewise by the nature of the neighboring land, and its animal 
and vegetable products; some of these fishes being suitable to inhabit flat coasts 
with muddy or sandy bottoms, while others frequent rock-bound shores where the 
water is deep, and others, again, congregate round coral reefs. Cod, rays, and flat- 
fish are well-known examples of this group. Pelagic fishes,.such as tunnies, flying 
fishes, swordfishes, and sunfishes, inhabit the superficial layers of the open ocean, 
approaching the shores only by accident, or in some cases in search of food, or: for 
the purpose of spawning. Dr. Gtinther writes that, ‘‘ with regard to their distribu- 
tion, they are still subject to the influences of light and the temperature of the 
surface water; but they are independent of the variable local conditions which tie 
the shore fish to its original home, and therefore roam freely over a space which 
would take a fresh-water or shore fish thousands of years to cover. in its gradual 
dispersal. Such as are devoid of rapidity of motion are dispersed over similarly 
large areas by the oceanic currents, more slowly than, but as surely as, the strong 
- swimmers.”’ , : | ‘. cs 
In marked contrast to the last are the deep-sea fishes, inhabiting the ‘abyssal - 
depths of the ocean, where they are undisturbed by tides or currents, and live for 
the most part in total darkness; their organization, in consequence of the great 
pressure of the medium in which they live, preventing them from coming to the sur- 
face in a healthy condition. From the similarity in the physical conditions of the 
ocean depths in all parts of the world, there seems no reason why a single species of ' 
deep-sea fish should not range from the Equator to the Poles; and the abyssal fauna 
is probably more or less nearly the same throughout the globe. These fishes belong 
for the most part to pelagic families, and especially to such types as are of nocturnal 


Distribution 


2692 | FISHES 


habits; and are characterized by their generally black or silvery color, although in 
a few instances the fin rays and certain filaments are scarlet. Writing of those 
fisher,-Dr. Giinther observes that, ‘‘ the organ of sight is the first to be affected by ~ 
a sojourn in deep water. . Hven in fishes which habitually live at a depth of only 
eighty fathoms, we find the eye of a proportionately larger size than in their repre- 
sentatives at the surface. In such fishes the eyes increase in size with the depth in- 
habited by them, down to the depth of two hundred fathoms, the large eyes 
being necessary to collect as many rays of light as possible. Beyond that depth, 
small-eyed as well as large-eyed fishes occur; the former having their want of vision 
compensated by tentacular organs of touch, while the latter have no such accessory 
organs, and evidently only see by the aid of phosphorescence. In the greatest depths 
occur blindfishes, with rudimentary eyes, and without special organs of touch. 
Many fishes of the deep sea are provided with more or less numerous, round, shin- 
ing, mother-of-pearl-colored bodies, embedded in the skin. These so-called phos- 
phorescent.or luminous organs are either bodies of an oval or irregularly elliptical 
shape placed in the vicinity of the eyes, or smaller globular bodies arranged sym- 
metrically in series along the sides of the body and tail.’’ That the function of 
these bodies is to produce phosphorescent light may be considered certain; and it is 
probable that both the tentacles and the whole surface of the bodies of these extraor- 
dinary fish are also phosphorescent. Not the least remarkable feature about the 
- carnivorous deep-sea fishes is the enormous size of their stomachs, which enable 
them to swallow creatures nearly as large as themselves, drawing themselves over 
their prey almost after the manner of a sea anemone. Although when brought 
to the surface deep-sea fishes are soft, flabby creatures, with theirscales standing out 
at right angles, and their eyes starting from their sockets, at their own proper level, 
under an enormous pressure, their bodies are doubtless as firm and compact as those - 
of ordinary fish. Deep-sea fish certainly live ata pois of two thousand seven 
hurtdred and fifty fathoms. 

In regard to geological distribution, it has already been mentioned that the old- 
est true fishes occur in strata of upper Silurian age; such early fishes being sharks. 
In the succeeding Devonian and Carboniferous periods, the. class was abundantly 
represented, but only by sharks, fringe-finned ganoids, and lungfishes. In the 
Permian, Triassic, and Jurassic periods chimeeroids, as well as the chondrosteous 
Teleostomi made their appearance; but it was not till the Cretaceous epoch that the - 
higher bony fishes, which are the predominant forms in the Tertiary period and at 
the present day, were developed. There are fully nine thousand known species of | 
living fishes, while considerably more than one thousand fossil forms have been al- 
ready described. ; 


CHAPTER II 


THE LUNGFISHES AND CHIMEROIDS—SUBCLASSES DIPNOI 


AND HOLOCEPHALI 


THE first two subclasses of fishes agree with one another, and thereby differ 
from the remaining two, in the structure of the skull, in which the hyomandibular 
bone is welded with what is known as the palatopterygoid bar (that is to say, the 
bones corresponding with the palatines and pterygoids of the higher Vertebates), 


which is itself firmly 
united to the cranium 
proper, so that there is no 
separate structure for the 
suspension of the lower 
jaw. To this type the 
name of solid - skulled 
(technically autostylic) 
fishes may be applied; and 
it may be noted that this 
type of structure is essen- 
tially the same as that on 
which the skulls of the 
Amphibians are formed. 
In the lungfishes the 
skeleton is partially ossi- 
fied, with well-developed 
membrane bones; the gill 
clefts are but slightly 
separated, and open into 
a single cavity protected 
by an external cover; and 
the external skeleton con- 
sists of true bony tissue. 
In the existing members 
of the group the optic 
nerves (or those proceed- 
ing from the brain to the 
eyes) simply cross one 


ROOF OF THE SKULI, OF THE AUSTRALIAN LUNGFISH. 
A. anterior, and B. posterior median plate; C. inner, and D. outer lateral 
plate; 2a. nostrils; orb. socket of the eyes. 
(From Teller.) 


another, without any interlacing of the constituent fibres; the intestine has a spiral 
valve; the air bladder is elongated, and performs the functions of a lung; and the 
nostrils peer posteriorly by two apertures into the cavity of the mouth, after the 
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manner of the higher Vertebrates. The membrane bones covering the roof of 
the skull, which are very few in number, cannot be correlated with those of the 
bony fishes; their mode of arrangement being shown in the accompanying figure. 
The lungiishes are at the present day represented only by three genera, with but 
very few species, but they were formerly a very numerous group, which appears to 
have been on the wane since a very early epoch. 


Tur Existinc Lunecrisues — Family ZEP/DOSIRENIDA 


The three existing genera of lungfishes may be taken as the typical represent- 
atives of an order including several extinct families, and known as the Sirenoidea. 
Its essential characteristics are that the head is covered with membrane bones; that 
the main dentition takes the form of large grinding plates, situated on the ptery- 
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UPPER PALATAL TEETH OF AN EXTINCT LUNGFISH ( Ceratodus). 
(From Teller.) 


goid bones in the upper, and on the splenials in the lower jaw; that the body is 
covered externally with overlapping scales; that the notochord persists throughout 
life; that the paired fins are of the fringed type; and that none of the fins are armed 
with spines. The existing forms have but few membrane bones to the skull; no 
premaxille, maxillae, marginal teeth, or jugular plates; a fringed tail, furnished 
with a continuous vertical fin; and cycloid scales. : 

For a great number of years there were known from the Triassic 
strata of various parts of Europe fish teeth of the remarkable type of 
the specimen represented in the accompanying figure; and from the 
fancied resemblance to a deer’s antler, presented by these teeth, the name of Cervato- 
dus was suggested for the otherwise unknown fishes to which they pertained. Sim- 
ilar teeth were subsequently obtained from Secondary rocks in India and also in 
South Africa, but it was not until the year 1870 that a fish was discovered in 
Queensland having teeth of a similar type. Known to the natives, in common with 
other large fresh-water species, by the name of barramundi, the Australian lung- 
fish (C. forsteri) agrees so closely with the extinct forms that it is usually regarded as 
generically identical. Its mouth is furnished in front with a pair of chisel-like teeth 
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situated on the vomers, behind which come a pair of palatal teeth of the type of the 
one shown in the figure, but carrying six complete ridges, and an incomplete 
seventh; while there are a pair of similar teeth in the lower jaw, carrying only six 
tidges each. In the living species the teeth of opposite sides are separated by an 
interval; but in the fossil forms they were in contact, and had fewer ridges. The 
existing Australian lungfishes, of which two species have been described, are said 
to attain a weight of twenty pounds, and a length of upward of six feet. The body 
is elongated and much compressed, with very large scales; the paddle-shaped limbs 
have very broad fringes; and the flesh is salmon color. From the occurrence of 
masses of leaves in its stomach it is evident that the Australian lungfish crops the 


AUSTRALIAN LUNGFISH. 
(One-seventh natural size.) 


vegetation with its great teeth, but it is believed that the most important part of its 
food consists of the small creatures living on and between the leaves of the various - 
water plants. The stories of the fish coming out of the water to the land seem 
quite unfounded, as are those that it lies dormant during part of the year in cocoons. 
The female lays her rather large eggs loosely and singly among the vegetation, and 
in the embryo the fore-limbs make their appearance in about a fortnight, but the 
hinder pair not before two and a half months. In the course of its development 
this fish presents marked resemblances to the Amphibians, and also to the lampreys, 
Dut it is noteworthy that there is no trace of a sucking mouth, or of external gills. 
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As might have been inferred from the study of allied, extinct forms, the large pal- 
atal teeth are formed by the fusion of a number of separate small teeth. Accord- 
ing to Dr. Semon, the Australian lungfish is confined to the middle portion of the 
Burnett and Mary rivers of Queensland. Living among the mud and leaves at the 
bottom, it rises at intervals to the surface tb obtain more complete oxygenation of 
its blood by the inhalation of atmospheric air into its lungs, although its general 
breathing is carried on by the gills. A grunting noise sometimes uttered by this. 
fish is probably produced by the expulsion of the air from the lungs when it rises to. 
the surface. Although frequently termed the barramundi—a title apparently prop- 
erly belonging to a totally different fish (Osteog/ossum)—it appears, that the proper 
native name of the Australian lungfish is djelleh. The breeding season is at its 


‘ ' SOUTH-AFRICAN MUDFISH. 
(One-fifth natural size.) 


height in September and October, but lasts from April till the beginning of Novem- 
ber; and the eggs, which are enveloped in a gelatinous coat, and are heavier than 
water, take some ten days to hatch. 
hese a The mudfish of the Amazons (Lepidosiren paradoxa) is the sole 
ican Mua- 2¢Presentative of a genus distinguished from the last by the eel-like 
fab form of the body, on which the continuous vertical fin extends nearly 
to the neck, and by the reduction of the limbs to mere tapering fila- 
ments owing to the disappearance of the marginal fringe. "The vomerine teeth are 
conical and pointed, and the palatal teeth have strongly-marked cusps supported by 
vertical ridges. There are five gill arches, with four intervening clefts, but there 
are no external appendages above the gill opening. In adult males the upper sur- 
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face of the hind-limb is beset with tufts of tentacle-like papillae. This mudfish 
grows to a length of about four feet, and occurs not only in the Amazon and its 
tributaries, but likewise in the swamps of the Chako country forming the tributa- 
ries of the upper Paraguay river. The southern form has been regarded as a distinct 
species, although the differences are so slight as scarcely to merit such a distinction. 
These fish feed chiefly on the large mollusks known as ampullarize, which are found 
collected in great masses in the Chako swamps; their shells being easily crushed by 
the powerful teeth of their devourers. te ; 


AFRICAN MUDFISH. 
(One-third natural size.) 


The African mudfish (Protopterus annectans), widely spread over: 
the tropical regions of the continent from which it takes its name, dif- 
fers from the last in that the filamentous fins retain a small fringe 
containing rays; as well as in having six gill arches, with five intervening clefts, 
while there are three small tentacle-like appendages above the small gill opening 
on each side. In the Gambia river, where they are very abundant, these fishes 
are in the habit of burying themselves during the dry season, making a kind of 
nest, in which they pass a period of torpidity. Here they may remain for the 
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greater part of the year, only resuming their normal aquatic life with the return of 
the wet seasons. Professor W. N. Parker, who received some specimens in the 
torpid condition, writes that about a hundred individuals were dug out and packed — 
up in crates still inclosed in the clods of mud. On arrival in Europe the clods 
were opened, and the fishes placed ina tank in‘a hothouse. ‘The statement of the 
natives that the species grows to the almost incredible length of six feet suggests 
that it must be a very long-lived creature. From the above-mentioned specimens 
it was found that these mudfishes grow very rapidly, have great vitality, and, 
although able to sustain fasts, are exceedingly voracious, devouring all the snails, 
earthworms, and small fish given them, and then killing and eating each other, 
making it difficult in the extreme to preserve the specimens. They are most 
active at night, and appear to keep mostly to the shallow water, where they 
move deliberately about on the bottom, alternately using the peculiar limbs of 
either side, though their movements do not seem to be guided by any strict regu- 

larity. Gray has compared these movements to those of a newt, and several 
other observers have noticed them. The powerful tail forms a most efficient 
organ for swimming rapidly through the water. It is well known that this fish 
comes to the surface to breathe at short intervals, and thus it is evident that 
the lungs perform an important, if not the chief, part in respiration during the 
active life of the animal. The air passes out again through the opercular aper- 
ture, and the movements of the operculum itself indicate the fact that bronchial 
as well as pulmonary respiration takes place. Externally, the sexes present no 
characteristics whatever: distinguishing them apart. As in the American species, 
external gills are developed in the young. As regards the breeding habits of 
these fishes nothing very definite is known. It is stated, however, that the numer- 
ous eggs and embryos are carried about in an elongated gelatinous pouch attached 
to the sides of the back of one of the parents, although the sex in which these 
receptacles are developed does not appear to have been ascertained. In conclusion, 
it may be observed that Professor Parker is of opinion that although the lung- 
fishes present certain resemblances on the one hand to some of the sharks and 
ganoids and on the other to the lower Amphibians, yet they appear so distinct 
from both that he thinks they ought to be removed from the fishes to form a class 
by themselves. : | 

In the Palzeozoic epoch lungfishes formed an abundant group, which 
may be divided into three families. Of these the Carboniferous and 
Permian Ctenodontide, as represented by Cfenodus and Sagenodus, re- 
semble the existing forms in the absence of marginal teeth to the jaw and of jugular | 
plates on the throat, but differ by the numerous membrane bones of the skull; the 
caudal fin being of the fringed type, and the scales cycloidal. The type genus 
which includes species of five feet in length, takes its name from the comb-like 
structure of the ridged palatal teeth. The second family, Phaneropleuride, differs 
from the last in the presence of both marginal teeth and jugular plates; the 
typical genus Phaneropleurum, including small species from the Devonian.. In the 
: Dipteride, as represented by the Devonian Dzpierus and Paledaphus, juguiar plates 
are present, but there are no marginal teeth, and the tail is of the heterocercal 
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type; the skull having numerous membrane bones. The teeth are very similar 
to those of the Australian lungfish, but may be ornamented with small ridges and © 
pustules. 


THE BERRY-BONE FISHES — Order ARTHRODIRA 


The extraordinary Paleozoic group typically represented by the berry-bone fish | 
( Coccosteus) of the Scottish Devonian differs from the true lungfishes in that in 
place of scales the fore part of the body is protected by large bony plates, of which 
one pair is articulated by a hinge to the hinder part of the skull, which is likewise 
invested with bones bearing a similar. pustular or berry-like sculpture. The fore- 
limbs were either rudimental or wanting; but a pair of pelvic fins were developed. 
Most or all of the forms may be included in the single family Coccostecde, and among 
these the typical ge- 1 | : 
nus is distinguished 
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; PARTIAL RESTORATION OF THE BERRY-BONE FISH. 
low spine. In both (From A. S. Woodward, Cat. Foss. Fishes, Brit. Mus.) 
these the sockets of 


the eyes form notches on the sides of the skull; and the same is the case with the 
gigantic Dinichthys of the North-American Devonian. In another group, however, 
as represented by Hlomosteus, the eye sockets were completely inclosed in the mem- 
brane bones with which the head is covered. 


THE CHIMAROIDS — SuBcLass Holocephali 


Represented by three existing marine genera, of which one has three, the 
second one, and the third two species, and a number of extinct types, the chime- 
roids form a second subclass, agreeing with the lungfishes in their solid (autostylic) | 
skulls, but differing by the total absence of membrane bones, and their superficial 
external resemblance to sharks. ‘The skeleton is cartilaginous, with the notochord 
either persistent or constricted and surrounded by cartilaginous rings, which are 
- sometimes partly calcified; and in the adult the skin is frequently quite naked, al- 
though in the young it may bear on the back a series of structures similar in com- - 
position to teeth, some extinct forms having plates of the same nature. In the 
existing members of the group the optic nerves simply cross one another, and the 
intestine has a spiral valve; while further resemblances to the sharks are shown by 
the presence of claspers in the males, and also by the large size and small number. 
of the single eggs. The four gill clefts open externally by a single aperttire on each 
side, protected by a fold of skin containing a cartilaginous operculum. ‘The mouth 
is situated at the extremity of the muzzle, and the teeth on the palate and lower 
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jaw are . molar- like, while there is also a small pair of cutting vomerine teeth in the 
‘front of the upper jaw; the whole dentition thus closely corresponding to that of 
the lungfishes, although there are two pairs of upper palatal teeth, which present 
certain hardened areas known as ¢yzfors. The pectoral fins are shortened, without 
the segmented axis of the lungfishes; and the first dorsal fin may have a movable 
spine articulated to the spinous processes of the vertebrae. ‘The sides of the body 
show a lateral line; but there is no air bladder, and the nostrils do not open behind 
into the cavity of the mouth. It has been suggested that the chimzeroids indicate 
a degenerate group nearly allied to the lungfishes, which have lost the membrane 
bones of the latter, and acquired a superficial resemblance to sharks. 

The ugly fish, to which the name chimera has been applied (Chimera mons- 
trosa), together with two other existing species, typically represents the family 
Chimeride, which alone has survived to the present day. The family is character- 
ized by the presence of a spine to the first dorsal fin, and also of a prehensile spine- 
like structure on the heads of the males; there are no superficial plates on the skull, 
and only a single pair of lower teeth. The family, which contains a number of ex- 
tinct genera, mainly distinguished from one another by the characteristics of the 
triturating areas on the teeth, dates from the Ljias; the typical genus being, how- 
ever, unknown before the latter part of the Tertiary period. The living chimeras. 
do not probably exceed five feet in length, and have the soft muzzle devoid of an 
appendage. ‘The dorsal fins occupy the greater part of the back; and the longitudi- 
nal axis of the long filamentous tail is nearly continuous with that of the back, its. 
extremity being provided above and below with a long, low fin of the diphycercal 
type. ‘The common species represented in the annexed colored plate ranges from 
Europe and Japan to South Africa; while a second occurs on the Pacific coast of 
North America, and a third off Portugal. The southern chimeera (Callorhynchus 
antarcticus) from the southern temperate seas differs from the preceding genus by 
the presence of a cartilaginous prominence, ending in a flap of skin, on the muzzle, 
and likewise by the upward direction of the extremity of the tail, which has no fin 
on its upper surface. A fossil representative of this genus occurs in the Cretaceous. 
rocks of New Zealand. ‘The third genus, Havottia, distinguished by the extreme 
elongation of the snout, is represented by one species from the Atlantic, and a 
second from the Pacific. As well-known extinct types of the family we may refer 
to the Cretaceous and Tertiary genera Edaphodon and Elasmodus, the former includ- 
ing fishes of gigantic dimensions. The members of the extinct family JZyriacan- 
thide, of the Jurassic rocks, differ by having afew bony plates on the head, and 
three lower teeth; while the Squaloraiideg, as represented by Sgualoraia of the Ljias, 
were somewhat ray-like forms, with a depressed trunk and elongated muzzle, and 
no spines to the dorsal fins. The subclass appears also to be represented in Palzeozoic: 
times, the Devonian Ptyctodus indicating a family which cannot at present be fully 
defined. 


CHAPTER III 


THE BONY FISHES AND GANOIDS— SUBCLASS TELEOSTOMI 


FORMERLY the typical bony fishes of the present day were regarded as indica- 
ting a primary group (Teleostei) of equal rank with a second one known as the 
Ganoidei; the latter, containing the American bony pike, and the African bichir, to- 
gether with a host of extinct genera possessing a similar armor of hard ganoid 
scales. A fuller study of these and other allied fossil’ forms has, however, shown 
the existence of such a complete transition from these so-called ganoids to the typical 
bony fishes that it has become necessary to include the whole of them in a single 
subclass, under the title heading this chapter. Although there is still some degree 
of uncertainty as to: the best mode of arranging certain groups of the bony fishes, 
the following scheme may be temporarily adopted: 


1. Order AcTINOPTERYGII— Fan-Finned Group. 
(1) Suborder ¢ [ AcANTHOPTERYGII — Spine-Finned Fishes. 


(2) E . | LOPHOBRANCHII — Tuft-Gilled Fishes: 
(3) ff 2 | PLECTOGNATHI — Comb-Gilled Fishes. 
(4) “ & | ANACANTHINI — Soft-Finned Fishes. 
CS na PuysostomiI— Tube-Bladdered Fishes. 
(iy) aah ZETHEOSPONDYLI — Bony Pike. 

C7) “ PROTOSPONDYLI— Amioids. 

(8) i CHONDROSTEI — Sturgeons. 


2. Order CROSSOPTERYGII — Fringe-Finned Group. 


In this wide sense the subclass differs broadly from the two preceding ones in 
the structure of the skull, which is formed on what may be termed the hinged type 
(hyostylic); that.is to say, the palato-pterygoid bar remains separated from the cra- 
nium proper, to the hinder part of which it is movably articulated by the interven- 
tion of the hyomandibular. The internal skeleton is more or less ossified, with the © 
development of membrane bones on the jaws; the gill clefts are but slightly separated 
from one another, and are fully protected by an operculum; the membrane bones of 
the pectoral girdle (that is to say, the scapula, claviculars, etc.) are connected with 
the hinder part of the skull; and the external skeleton takes the form either of 
plates of bone or of calcified overlapping scales. In existing forms the eggs are 
small, numerous, and generally massed together; the two optic merves may 
either simply cross one another, or may give off mutually interlacing fibres; an air 
bladder — with or without a duct — is very generally present, and the intestine may 
sometimes be furnished with a spiral valve. 

This group — Actinopterygii — includes all the bony fishes of the present day, 


as well as the sturgeons, and is characterized by the fan-like structure of the paired 
(2701) 
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fins, in which the proper internal skeleton is abbreviated to make way 
for the greatly developed dermal fin rays; the caudal fin being of very 
variable structure. In the branchiostegal membrane, occupying the 
space between the two branches of the lower. jaw, there is always a paired series of 
transversely elongated rays. The first seven suborders ‘of this order, given in the 
table on p. 2701, form one great division characterized by the number of dermal rays. 
in the dorsal and anal fins being equal to that of the supporting bony elements, and 


Fan-Finned 
Group 


PIKE PERCH AND COMMON PERCH. 
(One-fourth natural size. ) 


by the tail being never heterocercal,* but usually either of the abbreviate-heterocer-- 
cal or homocercal type, although occasionally diphycercal. : 
In the classification proposed by Professor Cope the first four sub- 
orders of the fan-finned group given in the foregoing table are 
regarded as a single group under the title of Physoclysti, and in com- 
mon with the tube-bladdered fishes, have the fibres of the optic nerves interlacing, 


Spine-Finned 
Fishes 


* In the heterocercal type the upper lobe of the tail is the longer, and the vertebral column is continued up into- 
it; in the abbreviate heterocercal the tail is symmetrical, and the vertebral column complete but bent: up into its. 
upper half; in the homocercal type the tail is also symmetrical, but the vertebrae stop short at its base, where the 
latter ones are aborted into a mass; in the diphycercal form the vertebree are continued without abortion along the 
middle line of the symmetrical tail fin. 
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the intestine without a spiral valve, and the skeleton fully ossified. From the 
Physostomi, the Physoclystous group are distinguished by the general absence of a 
duct to the air bladder (when present), by the parietal bones of the roof of the 
skull being always separated from one another by the intervention of the supraoc- 
cipital, and by the pelvic fins being in most cases either thoracic or jugular* in 
position. Regarding, however, the spine-finned fishes as constituting a separate 
suborder. they are distinguished, in addition to the foregoing characteristics, by 
some of the anterior rays of the dorsal, anal, and pelvic fins usually taking the 
form of strong, unjointed, bony spines. It must, however, be acknowledged that 
this characteristic is one of but little importance; some of the hairtails ( 77ichzuride) 
scarcely possessing what can be denominated true spines, while these are also want- 
ing in the family (.Scombresocide) to which the flying fishes belong. In all cases the 
gills are comb-like, the pectoral arch is suspended from the skull, and interclavicles 
are wanting. 


THE PERCH TRIBE — Family PERCID_Z 


The first representatives of the spine-finned fishes are the perches, which, with 
several allied families, belong to a sectional group (Perciformes) of the suborder, 
characterized by the lower pharyngeal bones being generally separate, and the 
scales usually of the ctenoid type. The preopercular bone of the gill cover has no 
bony stay connecting it with the eye; the spinous portion of the dorsal fin is well 
developed; none of the additional rib-like bones known as epipleura are attached to 
the bodies of the vertebrze; the pelvic fins are thoracic in position, and have usually 
five (rarely four) branched rays; and the supporting bones (pteryg ials) of the 
pectoral fins are longer than broad, and of a more or less distinctly hourglass form. 
The Perch family, as restricted by Mr. Boulenger, is distinguished by the following 
characteristics: In the skeleton the anterior vertebree have no transverse proc- 
esses, but in the dorsal part of the series all or most of the ribs are attached to 
such processes. ‘There are two nostrils on each side; the gill membranes are free 
from the isthmus or space between the two branches of the lower jaw and gill 
openings; there are four pairs of gills, with a slit behind the fourth; the gill rays. 
or branchiostegals vary from six to eight on each side; more or less fully-developed _ 
false gills are generally present; the soft portion of the dorsal fin is not very much 
more developed than the anal, and the latter has either one or two spines. In 
common with the two following families, the perches are further characterized by 
- the general presence of a lateral line, continuous from the head to the tail, the usual 
absence of scales from the median fins, the simple conical teeth, and the absence of . 
barbels round the mouth. In form the body is more or less elongate, compressed, 
and cylindrical; although rarely it may be slightly compressed. As now restricted, 
the family includes a dozen genera inhabiting the fresh waters of North America, 
Europe, and Western Asia; but the members of the genera Luctoperca ue Percarina. 
enter salt water. All are carnivorous. 


* They | are said to be thoracic when in the same vertical line as the pectoral fins, and jugular when in 
advance of them, . 
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The common perch (Perca fluviatilis), which is a fish of wide 
distribution, and one too familiar to require detailed description, is 
' the type of a small genus, agreeing with eight others in the following characteristics: 
In the head the mucus or slime canals are but moderately or slightly developed on 
the top and at the sides; and the spinous and soft portions of the dorsal fin are 
separate. In common with six other genera, the body is more or less compressed; 
the perches and pike perches being specially distinguished by having usually seven 
(rarely eight) gill rays; by the premaxille or anterior upper jawbones being 
capable of protrusion, and by the serration of the preopercular bone of the gill 
cover. Asa genus, the true perches are distinguished from the pike “perches by 
the small and uniform size of the marginal teeth, and the close approximation of 
the pelvic fins. There are teeth on the palatine and vormerine’ bones, but none on 
the tongue, and there are thirteen or fourteen spines in the first dorsal fin, and two 
in the anal. ‘The scales are small, the upper surface of the head is naked, the 
preorbital as well as the preopercular bone is serrated, and there are seven branchi- 
ostegal rays and more than twenty-four vertebree. As in most of the members of 
the family the mouth is capable of a certain degree of protrusion. The common 
perch, which seldom exceeds five pounds in weight, is distributed over the rivers of 
Europe (except Spain) and Northern Asia as far east as Lake Baikal; two others 
being known, namely, P. flavescens from the Eastern United States and P. schrenki 
from Turkestan. Generally preferring still waters, and occasionally descending 
into estuaries, the perch is one of the most voracious of fishes, feeding indis- 
criminately upon worms, insects, and small fishes. The spawning season in 
England is at the end of April or May, when the female deposits her eggs in net- 
shaped or elongated bands on the leaves of aquatic plants. The eggs are very 
numerous, upward of two hundred and eighty thousand having been taken from a 
fish of one-half pound in weight. Fossil remains of the genus occur in the Miocene 
rocks of C4ningen, in Baden, and those of the extinct pe bilge in the upper 
Hocene of Provence. ) : a 3 
The pike perches, of which the common European representative 
(Lucioperca sandra) is shown in the upper figure of the illustration on 
p. 2702, are inhabitants of many of the lakes and rivers of Hurope, Western Asia, 
and Eastern North America, and take their name from their somewhat elongated 
and pike-like form. From the true perches they differ by the presence of more or 
less enlarged tusks in the marginal series of teeth, and by the wider interval 
between the pelvic fins. ‘T‘he two dorsal fins are rather low, the first having from 
twelve to fourteen spines, and the scales are small. The common species, which 
is confined to Eastern Europe, where it is much esteemed as a food fish, grows to a 
length of three or four feet, and attains a weight of from twenty-five to thirty 
pounds. Its extreme voracity and destrietivensc? to other fish render it an undesir- 
able inhabitant of preserved waters. 

The two small and rather elongated perches represented in the 
upper part of the illustration on p. 2705, the larger of which is known 
as Aspro zingel and the smaller as 4. vulgaris, may be taken as rep- 
resentatives of a subgroup distinguished from the foregoing forms and their allies 


True Perches 


Pike Perches 


Danubian 
Perches 
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by the body being cylindrical or somewhat depressed; while from two allied genera 
they are distinguished by the maxilla or main upper jawbone being covered by the 
preorbital bone, and by’ the premaxilla being free only at the side. ‘The body is 
elongate and nearly cylindrical in form, and the mouth is situated on the lower 
surface of the thick and somewhat projecting muzzle. All the teeth of the jaws 
are of small and uniform size, and teeth are present on the vomer and palatine 
bones. ‘The anal fin has but a single spine; although the margin of the propercular 
bone is serrated, that of the preorbital is smooth; and the scales are small. These 
fishes inhabit the Danube and certain other European rivers. 


LARGER AND SMALLER DANUBIAN PERCHES, AND RUFFE 
(One-third natural size.) 


Under this name, which belongs properly only to the British form, 
may be included a few small perches, of which the typical representa- 
tive (Acerina cernua) is shown in the lower figure of the above illustration. From 


the other members of the family this and the allied genus Percarina differ by the 
vo” Ws : 


Ruffes 
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large size of the slime cavities on the sides and top of the head; the ruffes being 
specially distinguished by the dorsal fin being undivided, and also by the maxilla 
being covered by the preorbital bone. ‘The fishes of this genus have the body | 
somewhat low, and the scales somewhat small; the continuous single dorsal fin 
carrying from thirteen to twenty-nine spines, and there being two spines in the anal 
fin. There are no tusks among the small teeth of the jaws, and the tongue and 
palatine bones are devoid of teeth, although these are present on the vomer. The 
genus is confined to the cooler portions of the Northern Hemisphere, the common 
species ranging from Britain through Central Europe to Siberia. The ‘‘ pope,’’ as 
the ruffe is frequently called in England, is common in most of the rivers and canals 
of that country, generally preferring slow, shaded streams, with a gravelly bottom, 
and closely resembling the perch-in its mode of life. 

| Here may be mentioned a small family, with ten genera of perch- 
like fishes, distinguished from the Perczde and the following family by 
the mode of attachment of the ribs, which, with the exception of 
the last, or last two or four, are inserted on the bodies of the vertebrae behind the 
transverse process, instead of the process itself; all the vertebrae in front of the 
tail, save the first two or three, having such processes. Externally, these fishes 
differ from the perches in the presence of at least three spines in the anal fin. 
The family is typified by the North-American genus Centrachus, of which there 
- is but a single species, All are carnivorous fresh-water fishes, sometimes entering 
estuaries, and many are in the habit of building nests for the protection of their 
young. 


Family Cen- 
trarchidze 


Bass AND SEA PERCHES— Family SERRANIDA 


- Although usually included in the Pervcide, with which they agree in the struc- 
ture and relations of the vertebree and ribs, the sea perches and their allies are re- 
garded by Mr. Boulenger as representing a family by themselves, on account of the 
circumstance that the second suborbital bone develops an internal plate for the sup- 
port of the eye. ‘The number of spines in the anal fin is variable, and in one genus 
(Centrogenys) the lower pharyngeal bones are united. The family is a very exten- 
sive one, and may be divided into several subfamily groups. | 

° Together with the sea perches, the bass represent a subfamily (Se 
South-Ameri- P ‘ . : ae : 
hea vaning) presenting the following characteristics: The upper jaw- 
and Bass. bone or maxilla is exposed, its upper border not: being entirely con- 
cealed by the overlapping preorbital; the scales are not shed; there is 
no scaly process at the bases of the pelvic fins; the anal fin has three spines; the 
gill membrane is free behind, and the false gills are well developed. In distribu- 
tion the subfamily is cosmopolitan, and while most of the forms are marine, a 
few inhabit fresh water. Among the latter may be mentioned the South-American 
perch (Percichthys) of Chili, Western Argentina, and Patagonia, which, in common 
with five other genera, has a divided dorsal fin. From an ordinary perch these fish 
may be distinguished by the scaly upper surface of ‘the head, and the presence of 
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nine or ten spines in the first dorsal, and three in the anal fin. To this section of 
the subfamily also belong the bass (M/ovone), which are partly marine and partly 
fresh-water fishes, easily distinguished from the true perch by having only nine 
spines in the dorsal fin, while there are usually three in the anal. . There are also 
teeth on the tongue, and while the preopercular bone is serrated, with denticula- 
tions on its lower border, the front border of the preorbital bone is entire. The 


| 


i WT Hira 


COMMON BASS, SEA PERCH, AND STONE BASS, 
(One-sixth natural size.) 


scales are rather small'and extend all over the head. Of the three European and 
Atlantic species, which are almost entirely marine, the best known is the common bass. 
(AZ, labrax), represented in the upper figure of the accompanying illustration, and 
characterized by its extreme voracity and fierceness. Elsewhere, the genus is repre- 
sented by fresh-water species from the rivers of the United States and Canada. Fossil 
species occur in the middle Eocene of Italy. Generally not exceeding a foot or 
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eighteen inches in length, the common species may grow to three feet; but its flesh 
is then much less delicate than that of ordinary specimens. Bass frequent the coast 
in shoals, spawning in summer generally near the mouths of rivers, up which they 
not unfrequently ascend for considerable distances. 

In the other genera of the subhawalle the dorsal fin is undivided, al- 
though it may be deeply notched; the number of its spines being gener- 

ally nine or eleven, although there may be either eight, ten, or twelve. Under the 
common title of sea perches may be included the members of several allied genera, 
such as Centropristes and ‘Anthzas, although the name is often restricted to those of 
the typical genus Sevranus, one of which (S. scréba) is represented inthe middle 
figure of the preceding illustration. In the sea perches the body is oblong or com- 
pressed, and covered with small ctenoid or cycloid scales; there are large tusks 
among the villiform teeth of the jaws; and teeth are also present on the palatines 
and vomers, although absent from the tongue. The preopercular bone is serrated ~ 
behind and at the angle, but not inferiorly; and the tail fin may be either rounded, 
squared, or emarginate. The sea perches of the genus Sevranus, of which there are 
an enormous number of species, range through the seas of all the tropical and tem- 
perate regions, occasionally ascending tidal rivers for short distances in pursuit of 
prey, but being otherwise strictly marine. Many of the Species vary considerably, 
‘both incolor and in the form of their fins, with age, so that specific distinctions are 
difficult to establish. Extinct species of this genus, as well as others belonging to 
_Lates, occur in the middle Eocene deposits of Italy. . 

The fish represented in the lower figure of the Seta illustration, 
and commonly known as the stone bass (Polyprion cernuum), is 
one of two species constituting a genus distinguished from the last by the absence: 
of large tusks in the jaws, and the presence of teeth on the tongue; the single dor- 
sal fin having eleven or twelve spines, and the anal three. The preopercular bone 
is denticulated, and there is a strongly-marked rough longitudinal ridge on the 
opercular., ‘he common species is abundant on the European coasts, while the 
second is from the seas of Juan Fernandez. Both attain a very large size, ranging 
in weight to eighty pounds or more, their flesh being of excellent quality. ‘The Eu- 
ropean stone bass frequents the neighborhood of floating wood, probably for the pur- 
pose of feeding on the creatures to be met with around such objects. 

The two species of the genus Lazes, one of which (L. zzloficus) in- 
habits the mouth of the Nile, while the second (Z. calcarifer) ranges 
from the shores of Baluchistan through the Indo-Malayan seas to 
China and Australia, may be taken as representatives of another sub- | 
family ( Centropomine), with three genera; this subfamily differing from the last by 
the extension of the lateral line on to the tail fin, the presence of a scaly process 
at the bases of the pelvic fins, and the small size or absence of the false gills. Hav- 
ing no teeth on the tongue, and a divided dorsal fin, these fish may be distinguished 
externally from the true perches by the presence of seven or eight dorsal and three | 
anal spines. Both the preopercular and the preorbital bones are serrated, and the 
latter denticulated at the angle; the finely pectinated scales being of moderate size. 
The Indian perch, which may grow toa length of five feet, is the only Oriental 
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member of the family which commonly ascends rivers to any distance. When taken 
in the larger rivers its flesh is excellent for the table, great quantities being sold in — 
the Calcutta market, where it iscommonly known by the nameof cockup. The allied 
genus Psammoperca is represented by two species, one ranging from Australia to 
China, while the other is exclusively Australian. There are many other generic 
representatives of this extensive family, which are far too numerous to mention, no 
less than twenty-seven occurring within the limits of British India. Among these 
the Indian genus /ristifoma, which*is referred .by some writers to a’ separate 
family, is represented by extinct species in the middle Eocene of Italy; and it may 
be mentioned here that the earliest known forms of the family are the extinct gen- 
era Fodocys and Acanus from the lower Eocene of Switzerland. 


THE SCALY-FINNED FisHEs— Family CH#TODONTID# 


Nearly allied to the perches, the beautiful tropical fishes, designated scaly- 
finned fishes, are so named on account of the characteristic feature of the median 
fins being more or less thickly covered with small scales. In addition to this dis- 
tinctive feature, these fishes are characterized by the deep and compressed form of 
the body, on which the scales are either ctenoid or entire, and the continuous lateral 
line, which stops short of the tail fin. ‘The mouth, which is generally small, is 
placed at the extremity of the muzzle, and has a distinct lateral cleft, and the eyes 
are on the sides of the head. The small teeth are arranged in bands, and there are 
neither tusks nor incisors. The soft portion of the single dorsal fin is rather longer 
than the spinous; the anal has three or four spines; the lower rays of the pectorals 
are branched; the pelvic pair are:thoracic in position, with one spine and five 
‘soft rays, and the scaling of the median fins causes them to pass imperceptibly into 
the body. ‘The great majority of these curious and beautiful fishes are inhabitants 
of tropical seas, and are very generally found in the neighborhood of coral reefs; 
but some ascend estuaries and tidal rivers, although but a comparatively-short dis- 
tance. All are carnivorous, and of relatively-small size, while they are but seldom 
used for food. ‘The three genera of which examples are represented in our illustra- 
tion are those in which the zebra-like coloration attains its most marked and strik- 
ing development; and for the beauty and singularity of their adornment these fishes 
are almost unequaled. Out of a large number of existing genera it is to these that 
our attention will be chiefly directed, and it may be remarked that the whole of 
them are met with in the Indian seas. Extinct species of zebra fish belonging to 
existing genera are found in the middle Eocene of Italy, among these being the 
Indian and Australian genus 7oxofes. An extinct genus has been recorded from 
the Cretaceous of Westphalia... | | es 
| The typical genus Chetodon belongs to a group of genera in which 
there are no teeth on the vomers or palatine bone, while the spines of 
the dorsal fin are not separated from the soft rays by a hollow or notch, and there 
is no spine to the preopercular bone; the genus in question being particularly dis- 
tinguished by the short or moderately-long muzzle, and the approximately uniform ~ 


Cheetodon 
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length of the spines of the dorsal fin. ‘These fishes are common in the tropical re- 
gions of the Atlantic and Indo-Pacific oceans, where they are represented by some 
seventy species. Nearly all are ornamented with bands or spots; a dark or two- 
colored band passing through the eye and then inclining backward, being very 
characteristic. Of the species represented, C. seé¢/er, ranging from the Red Sea to 
Polynesia, is readily recognized by the elongation of the fifth ray of the dorsal fin, 
behind the base of which is a large dark spot with a light rim; C. #7fasciatus, which 
also has a similar range, but reaches the coasts of India, is marked by numerous 
fine longitudinal stripes on the body and several dark bands across the head. On 
the other hand in C. fasciatus of the Indian and Malayan seas, the body stripes 
are oblique, and there is a single dark band across the head. 

Especial interest attaches to this genus, which contains but few spe- 
cies, and differs from the last by the elongation of the muzzle into a 
tube-like form, on account of the habits of one of its two Indian species (Chelmon 
rostratus). Of this fish, which has four dark bands on the head and body, and an 
eye spot on the soft dorsal fin, J. A. Schlosser wrote many years ago that it fre- 
quented the shores and sides of the sea and rivers in search of food, and that when 
it detected an insect perched on a plant it swam to within a distance of from four to 
six feet, and then with surprising dexterity ejected out of its tubular mouth a single 
drop of water, which never failed to strike the object aimed at into the water, where 
it was immediately seized by the fish. Some of these fish kept in tubs of water 
were seen to exercise their shooting powers even under these somewhat unfavorable - 
circumstances. Somewhat later a Mr. Mitchell observed the same action in some of 
these fish kept in a pond near Batavia about the year 1828. Curiously enough, in ~ 
spite of these circumstantial statements, this capacity for ejecting water was trans- 
ferred to a short-snouted member of the present family, which received its name of 
Toxotes from this presumed power. Bleeker states, however, that when in Batavia 
he never witnessed this act, which is one the mouths of these fishes would appear 
quite incapable of performing. 

The fish (Henzochus HERES Siro numbered 4 in 1 the illustration 
on p. 2709, is a common Indo-Pacific member of a genus differing from 
Chetodon by the more or less marked elongation of the fourth spine of the dorsal 
fin, which in the figured species assumes the form of a whiplash. Broad dark 
bands across the body are very characteristic of the, genus, and in the young the 
head is armed with numerous horn-like processes, where are permanently retained 
in a species named HH. varius. 

The two large fishes shown in the dtnetations swimming toward the 
left, belong to a genus distinguished from all the foregoing by the 
presence of a large spine on the hinder edge of the preopercular bone; the dorsal fin 
having from twelve to fifteen spines. The genus includes some forty species, with 
the same range as the typical representative of the family. The splendidly-colored 
emperor fish (HZ. zmperator), shown on the right side of the illustration, ranges 
from the east coast of Africa to the Indian and Malayan seas, and has the ground 
color of the body a deep blue, upon which are some thirty longitudinal golden- 
yellow stripes. The eye stripe and a patch above the pectoral fin are black edged 
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with yellow, and the tail fin is uniformly yellow. ‘This species, which attains a 
length of fifteen inches, is extensively used in India for food. Beautiful as it is, it 
is exceeded by the Indo-Malayan zebra fish (H. diacanthus). In this species the 
general color is yellowish, with from eight to twelve vertical brown-edged blue 
bands; the caudal fin is yellow, and the anal marked ‘with bluish lines running 
parallel to its margin. ‘The genus Scatophagus may be given as an example of a 
group in which the spinous portion of the dorsal fin. is devoid of scales and sepa- 
rated by a deep notch from the soft part, so that there are practically two dorsals. 
The above-mentioned Zoxofes, on the other hand, constitutes a group by itself, 
in which there are teeth on the palatines and vomers, and the body is oblong 
and much less deep than in the typical forms, with the undivided and five- 
spined dorsal fin situated in its hinder half. It is represented by three species, 
ranging from the Red Sea to the seas and estuaries of India, Malayana, and 
Polynesia. 


THE RED MuLLETS—Family IZULLIDZ& 


Two long erectile barbels dependent from the lower jaw serve at once to dis- 
tinguish the red mullets from all the preceding families, with which they agree in 
-the characteristics already mentioned. In these well-known fishes the body is rather 
low and somewhat compressed, with large thin scales, of which the edges may be 
very finely serrated. ‘The lateral line is continuous, and the moderate-sized eyes — 
are situated on the sides of the head. ‘The terminal mouth has a rather short lateral 
cleft, and the teeth are very feeble. There are two short dorsal fins, placed at a 
considerable distance from one another; the spines of the first being weak, and the 
second being placed above the anal, which it resembles in form. The ventrals have 
one spine and five rays, and the pectorals are short. In place of the seven branchi- 
ostegal rays of the perches, the red mullets have but four. Represented by some- 
thing like forty species, the red mullets, which range over the seas of Europe and 
the tropics, are typically represented by the genus J/u/lus, of which there appears 
to be but a single European species (A/udlus barbatus). ‘The tropical forms have, 
however, been split up into several genera, such as W/ulloides and Upeneus, mainly 
distinguished from one another by the characteristics of their teeth. Although 
these mullets are essentially marine, young individuals, and more rarely adults, are 
not unfrequently taken in rivers. They are all highly esteemed for the table, and it 
is but seldom that they attain a weight of even two or three pounds. The ordinary — 
European red mullet, which does not usually exceed six inches in length, is colored 
carmine red on the upper parts, the under parts being silvery white. On the other 
hand, the striped mullet, which, although designated a distinct species under the name 
of M. surmuletus, is regarded by Dr. Giinther as probably the female of the former, 
has three or four yellow longitudinal stripes on the sides; and is also stated to differ 
slightly in the number of the fin rays. ‘This kind is common on the Cornish coast, 
whereas the plain-colored form is but seldom met with in the British seas, although 
abundant in the Mediterranean. Mullets live chiefly on small crustaceans, frequent- 
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ing coasts where the bottom is more or less muddy. Occasionally they visit the 
British coasts in vast shoals, upward of five thousand having been taken during a 
single night, in August 1819, in Weymouth bay; while in May. 1851 no less than 
ten thousand were captured at Yarmouth in the course of a;week. Whereas by the 
ancient Romans these fish were known by the name of mu/lus, the Greeks termed 
them ¢vigle. ‘‘ A singular circumstance,’’ writes Badham, ‘‘about this latter syno- 
nym is, that it not only obtains in modern Greece (where indeed, if anywhere, we : 
might. expect to find it), but has also entirely supplanted the old Latin word in 
Italy; so that no one now ever hears seicga / mugli / hawked about the streets of 
Rome or Naples; but the constant cry is ‘ 7) vigle vive! trigle/’ ‘The inordinate love 
for these same ¢rig/e, in the city and times of the Cesars, would surpass belief; not 


STRIPED RED MULLET. 
(One-third natural size.) 


only cash, but time too, was profusely lavished upon this one object; quite betimes, 
and long before office hours, the mullet millionaire was at the pond ere the stars were 
extinguished, feeding or caressing his fish. It took time, skill, and patience to 
_ teach creatures so obtuse to heed the voice that called, or the hand that fondled and 
fed them; but to warm such cold-blooded animals as these into a reciprocity of regard, 
was a work of yet greater difficulty. After much trouble and pains, the inhabt- 
ants of the pond would, however, at length learn toknow and acknowledge their 
master; at his whistle flock emulously together, at his sight leap joyously into the 
air; and-as he plunged his arm into the agitated basin, each individual of the serried 
shoal strove who should first present fins, and rub scales against the well-known 
fingers.”’ 
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THE SEA BREAMS— Family ‘SPARIDZ 


The sixth family of the present section is especially characterized by the pecul- 
iarity of the dentition, the palate being generally devoid of teeth, while either 
cutting or conical incisor-like teeth are developed in the front of the jaws, or crush- 
ing molars on their sides; in some cases both these types being coexistent. In the sea 
breams, as these fish are commonly called, the oblong body is markedly compressed; 
and the investing scales are either but very ‘slightly serrated, or smooth. ‘The ter- 
minal mouth has a distinct lateral cleft; and the eyes, which are of medium size, are 
likewise lateral. The single dorsal fin is ‘composed in about equal moieties of a 
spinous and a soft portion; the anal is three spined; as a rule the lower rays of 
the pectorals are branched; and the pelvics, which are ventral in position, are 
furnished with one spine and five rays. .The number of branchiostegal rays 
varies from five to seven. Sea breams are coast fishes, distributed over all tem- 
perate and tropical seas, and sometimes entering brackish, and even fresh waters; 
they include a large number of genera, and are of sombre coloration and me- 
dium size; the flesh of the majority being used for food. In a fossil state the 
family is first known by the extinct Pagellus from the Chalk-of the Lebanon; while 
they are numerous in Tertiary formations, where both the living and extinct genera © 
are met with, the existing Savgus dating from the Miocene of the Continent. 

The black sea bream (Cantharus lineatus) of the British seas may 
be cited as a well-known example of the typical genus of the first sub- 
family, in which the extremities of the jaws are furnished with broad, cutting, and 
occasionally lobate incisor-like teeth; while there are no vomerine or molariform 
teeth, and the lower rays of the pectoral fins are branched. Other well-known gen- 
era are Box and Scatharus from the Mediterranean and Eastern Atlantic, and Cven- 
idens from the Indian seas. The black sea bream, which not unfrequently grows to 
a length of fifteen inches, is common on the British coasts, where it will take both 
vegetable and animal baits. 7 

The second group is saat by Haplodactylus from the temper- 
ate South Pacific in which both jaws are furnished with flat and gen- 
erally tricuspid teeth; vomerine teeth being present, but molars wanting; while the — 
lower pectoral rays are simple. These fish are vegetable feeders. ae 

Better known than the last is the third group, containing only the 
single genus Savgus, with some twenty species from the Mediterranean, 
Atlantic, and Indian seas, among which the common sargo (:S. aznularis) , represented 
in the upper figures of our illustration on p. 2715, is a familiar fish on the Conti- 
nent. ‘The essential features of the group are the single series of cutting teeth in the 
front of the jaws, the presence of several rows of molars on the sides of the same, 
the toothless palate, and the simple lower pectoral rays. ‘The figured species is a 
uniformly-colored fish; but in the larger ‘‘ sheep’s-head’’ (.S. ovzs) from the At- 
lantic coasts of the United States, which attains a weight of fifteen pounds, and is 
highly esteemed for the table, the body and tail are-marked by a number of broad 
vertical bands. ‘The strong molars of these fish indicate that their food consists of 
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hard-shelled mollusks, crustaceans, or sea urchins. Known there as dentice, these 
fishes form part of the bill of fare on the tables of hotels in Southern Italy. 

As our example of the fourth subfamily which contains several 
genera, among which Pagrus is the typical one, we select the gilt- 
heads (Crrysophrys), so called on account of the golden spots between the eyes of 
the Mediterranean C. aurata, a species which occasionally wanders to the British 
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SARGO AND GILTHEAD. 
(One-third natural size.) 


coasts, and is shown in the lower figure of our illustration. ‘The group is character- 
ized by the presence of conical teeth in the front of the jaws, and of molars on their 
sides, the palate being toothless; while the genus under consideration is distin- 
guished by having scales on the cheeks, and at least three rows of upper molars. 
The Mediterranean gilthead, which ranges southward as far as the Cape, is a hand- 
some fish, with a short and elevated head, the. body deepest at the commencement 
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of the dorsal fin, the iris yellow, a semilunar golden spot between the eyes, and a 
violet patch on the gill cover. The back is silvery'gray with a tinge of blue, and | 
the under surface steely, with longitudinal golden bands on the sides. In length it 
seldom exceeds a foot. Fully adult examples show a perfect pavement of teeth 
on the jaws; and with. these the fish crunches up mussels and other shell fish with 
such vigor that the noise thus made sometimes reveals its presence to fisher- 
men. In order to obtain food, it is stated to stir up the sand of the sea bottom with 
its tail, The gilt eye was one of the ‘fishes kept and fattened by the Romans in 
their vivaria, where it is said to have become extremely flat. Several species of the 
genus inhabit the seas and estuaries of India, one of which (C. dervda) occasionally 
grows to thirty inches in length, and is much esteemed as food in Madras, where it 
is known as black-rock cod. Fossil teeth of a gilthead occur in the Red Crag of 
Suffolk, and the Miocene strata of Malta and the Canaries. 


AUSTRALIAN KNIFE-JAWED FISH. 
(One-third natural size.) 


Tue KNIFE-JAWED FisHES — Family HOPLOGNATHID& 


A single small genus of fishes (Aoplognathus) from the coasts of Australia, 
Japan, and Peru constitutes a separate family of the present section, characterized by 
the jawbones having a sharp cutting edge; such teeth as are present being confined 
to this region, where they are confluent with the bone, to form a more or less indis- 
tinct serration. ‘The compressed and deep body is covered with very small ctenoid 
scales; while the sides have a continuous lateral line. The dorsal fin has its spinous 
portion rather longer than the soft, with the spines very strong; the anal, which 
has three spines, is similar to the soft dorsal; and the thoracic pelvics are furnished 
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with a single spine and five rays. The species figured on the opposite page is the 
Australian one (47. conwayz). Nothing seems to have been ascertained with regard 
to the life history of any member of the family. 


THE THICK-RAYED FisHesS— Family C/RRH/TID4 


This small family, which, for want of a better English name, we designate as 
above, comprises several genera from the Indo-Pacific and Australasian seas, some 
members of which are of the first importance as food fishes in the British colonies. 
Closely allied to the next family, they differ therefrom (and thereby resemble the 
preceding groups) in the absence of a bony connection between the preopercular 
bone and the infraorbital ring of the skull; and they are specially distinguished by 
the thickened and undivided lower rays of the pectoral fin, which in some cases are 
elongated so as to aid in the movements, while in others they may perhaps serve as 
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SPOTTED FIRM FIN. . 
(One-half natural size.) 


additional organs of touch. In form, the body is oblong and compressed, with its 

‘investing scales of the cycloidal type; the mouth is terminal, with a lateral cleft; 
and the eyes are situated on the sides of the head. Asa rule, the branchiostegal 
rays are six in number, although they may be reduced to five or three. The teeth 
are villiform or pointed, and in some cases there are tusks among the smaller ones. 
In the single dorsal fin the spinous and soft portions are of nearly equal extent; the 
anal fin, which is generally smaller than the soft dorsal, carries three spines; and . 
the pelvics, which, although thoracic in position, are situated at a considerable dis- 
tance from the root of the pectorals, have one spine and five rays. ‘These fishes are 
inhabitants of all tropical seas and the temperate zone of the South Pacific. They 
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_may be divided into two groups, according to the presence or absence of teeth on the 
vomers; the first group including the small prettily-colored fishes known as C7zr- 
rhites, Chorinemus, etc., of which the former are characteristic of the Indian and 
Pacific Oceans, while the latter is confined to the Australasian seas. 

Of the group with teeth on the vomers, we illustrate on p. 2717 a 
species (Civrhitichthys marmoratus) of a genus differing from the typ- 
ical one by the presence of teeth on the palatine bones, and by the spiny opercular 
bone; the preopercular being serrated in both. ‘These fish have six branchiostegal 
rays, tusks in the jaws, and ten spines in the:dorsal fin. Five to seven of the lower 
pectoral rays are unbranched, the scales are of moderate size, and there is no air 
bladder. The spotted firm fin, which ranges from the Red sea, through the Indian 
and Malayan seas to the Sandwich Islands, is one of those in which there is no 


- Cirrhitichthys 


AUSTRALIAN LONG FIN. 
(One-half natural size.) 


elongation of a ray of the pectoral fins; while it is specially characterized by the 
spotted coloration, the body and median fins showing brown spots, and a row of 
darker spots occupying the base of the dorsal. | 
Chilodactylus In the group with toothless vomers, one of the most notable genera 
| is that of the long fins (Chzlodactylus), so named on account of the 
elongation of one of the rays of the pectoral fins, which projects to a greater or 
less degree beyond the rest. A considerable number of species have been 
described, most of which are inhabitants of the temperate region of the South 
Pacific, although some are found round the coasts of Japan and China. The 
species here figured (C. macropterus) is an Australian one; and both in Australia 
and at the Cape these fishes form a valuable food supply, since they attain a weight 
of from five to twenty-five pounds, and are easily captured. An allied genus 


THE ~-SCORPANOIDS ; 2719 


(Lairis), distinguished by the absence of any elongation of the pectoral rays and 
the deeply-notched dorsal, is well known in Tasmania and New Zealand in the 
person of the trumpeter fish (L. zecatia), which claims the first place among the fish 
products of those colonies, ranging in weight from thirty to sixty ‘pounds, and being 
at the same time most excellently flavored. 


THE ScORPANOIDS — Family SCORPZNIDZ 


With this family we come to a group easily distinguished from all the preced- 
ing representatives of this section by the articulation of the. preopercular bone with 
the orbit by. means of a projecting process from the infraorbital ring. Some of the 
other bones of the head are also armed, and the dentition is but feebly developed. 
These fishes, which are represented by a large number of genera, are found in most 
seas, and are all carnivorous in their habits. Dr. Giinther writes that ‘‘ some 
resemble the sea perches in their form and habits, as Sebastes, Scorpena, etc., 
while others live at the bottom of the sea, and possess in various degrees of develop- 
’ ment those skinny appendages resembling the fronds of sea weeds, by which they 
either attract other fishes, or by which they are enabled more effectually to hide 
themselves. Species provided with these appendages have generally a coloration 
resembling that of their surroundings, and varying with the change of locality. 
Some of the genera live at a considerable depth, but apparently not beyond three 
hundred fathoms. Nearly all are distinguished by a powerful armature, either of 
the head, or fin spines, or both; and in some the spines have been developed into 
poison organs.’’ ‘The group is scarcely known in a fossil state, although remains 
of a species of the typical genus occur in the Eocene of Algeria. 

The family is divided into two sections, according as to whether there are 
distinct scales on the body, or whether these are rudimentary or wanting. In the 
former are included Sebastes and the typical Scorfena. Most curious of all are the 
members of the tropical Indo-Pacific genus /evdts, in which the spines of the 
dorsal and the rays of the pectoral fins are more or less produced,— so much so, 
indeed, that in the case of one species at least, P. volitans, it was formerly thought 
that they indicated the possession of flying powers in their owner. ‘The fins and » 
body of this extraordinary-looking fish are most beautifully marked with alter- 
nating light and dark transverse bands. Among the genera with small or 
rudimental scales we have'only space to mention the Oriental Pelor and Chori- — 
dactylus, each represented only by a single species of four or five inches in length; 
and both of which are remarkable for the extraordinary development of the appen- 
dages mentioned above, some of these occurring on the fins, and others on the 
head and lower lip. The representative of the second genus is very common at 
Madras. - It may be added that this family includes the smallest members of the 
suborder, which belong to the genus J/icropus—a.name probably belonging to the 
swifts. These fish scarcely exceed an inch and a half in length, and frequent the 
coral reefs of the Pacific. © 
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Of the three remaining and comparatively unimportant families, 
included in the perch-like section of the spiny-finned fishes, it is only 
possible to make very brief mention. ‘The first of these, the Vandidea, 
différs from all the foregoing by the incompleteness or absence of the lateral line; 
the dentition, although feebly developed, being more or less complete, and the 
preopercular bone having no connection with the orbit. The oblong and oval body 
is scaled; the number of spines in the dorsal fin is nearly equal to that of the rays; 
the three-spined anal has its soft portion similar to the soft dorsal; and the thoracic 
pelvic fins have one spine and four ‘or five ‘rays: The small Oriental fresh-water 
fishes known as Mandus, Badis, etc., constitute a group of the family characterized 
by the presence of five rays in the pelvic fins, and the absence of false gills. ‘They 
are common in all parts of India, some preferring ditches and inundated rice fields, 
_ while others frequent clear streams. All are carnivorous, and the largest does not 
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exceed seven inches in length. ‘The second group, as represented by Pleszops from 
the Indo-Pacific coral reefs, and 7vachinops from the Australian seas, although also 
including only small forms, are, on the other hand, marine; and are characterized 
by having only four rays to the pelvic fins, and by the presence of false gills. 
In Plestops the lower rays of the pelvic fins are elongated and split at the ends; the 
soft dorsal and anal fins being likewise of considerable length. The figured 
species (P. dleekerz), which attains a length of ten inches, is from the coral islands 
of the Southwest Pacific; it has the lateral line broken. » 

The second family (Po/ycentridz) is represented only by the genera 
Polycentrus and Monocirrhus, from the rivers on the Atlantic side of 
tropical America; our illustration showing a member of the former genus (P. schom- 
burgki). These fishes are characterized by the absence of a lateral line, and the 
great number of spines in both the dorsal and anal fins. The thoracic pelvic fins 
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have one spine and five rays, and the teeth are feeble. These fishes are all of very 
small size, and are stated to feed exclusively upon insects. 

~The single generic representative of the Zeuthidide, of which a 
species ( Zeuthis striolata) is shown in the illustration on p. 2722, is 
characterized by the tooth- : 
less palate, and the presence 
of a series of narrow ser- 
rated incisor teeth in the 
front of each jaw. ‘The 
scales on the oblong and. 
compressed body are very 
small, and there is a con- 
tinuous lateral line. In the 
single dorsal fin the spinous 
considerably. exceeds the 
soft portion in length; the 
anal has seven spines; and _ SCHOMBURGK’S MANY SPINE. 

the thoracically-placed pel- (Two-thirds natural size). 

vic fins have an outer and 

inner spine, between which are three rays. These fishes have a large air 
bladder, forked at both extremities; and they also display several peculiarities in 
the structure of the skeleton; the abdomen being surrounded. by a complete ring of 
bones, owing to the backward prolongation of certain elements of the pectoral arch, 
and the unusual development of the pelvis. A considerable number of species have 
been described from the Indo-Pacific, where their eastward range stops about the 
longitude of the Sandwich Islands. The largest of them is not more than fifteen 
inches in length, and all are vegetable feeders. In the figured species, which is 
from the New Hebrides, the general color is brownish red, marked with narrow 
vermiculated blue lines; the spines of the fins also bearing white spots. 


Teuthis 


TuE BERYCOIDS oR SLIME HEAps— Family BERYCHID 


With the slime heads we.come to a family distinguished from the whole of the : 
preceding, and forming a group by itself characterized by’ the presence on the head 
of large mucous-bearing cavities, covered with a thin skin, and by the thoracically- 
‘situated pelvic fins having one spine and five rays (save in Monocentris, where the 
latter are reduced to two). The compressed body may be either oblong or deep in 
_ form, but is always short; and the scales, which are rarely wanting, are of a ctenoid 
type. Lateral in position, the eyes are almost always large in size; the lateral cleft 
of the mouth slopes obliquely upward; the teeth in the jaws are villiform; teeth are 
in most cases developed on the palatines; the bones of the gill cover are more or less - 
fully armed; and there are nearly always eight branchiostegal rays, although these 
are sometimes reduced to four. ‘There are no scales on the head, and false gills‘are 
present. The slime heads, which comprise a considerable number of both living 
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and extinct genera, are all marine fishes, with a practically cosmopolitan distribu- 
tion; many of them living at great depths, and coming under the denomination of 
deep-sea fishes. ‘They are also a geologically ancient group, represented by a large 
number of generic types, both existing and extinct in the Chalk and other Creta- 
ceous deposits. The only existing forms that ‘frequent the higher strata of the ocean 
belong to the genera Holocentrum and Myripristis; but even some species of the lat- 
ter may descend as deep as one hundred and fifty fathoms. The typical genus Beryx 
has been taken from between three and four hundred fathoms; and from the small. 
size of the eye the forms known as M/elampheéés must, in Dr. Giinther’s opinion, in- 


GROUP OF SPINE-FINNED FISHES. 
Teuthis (upper figure); Pempheris (on the right); and Polynemus (on the left). 
(One-fifth natural size.) 


habit still lower levels. Another sign of their deep-water habits is afforded by the 
high development of the slime-secreting apparatus of these fishes. 

Of the genera that space permits of our noticing, the most peculiar is \/onocen- 
tris, represented by a single small and rare species from the seas of Japan and 
Mauritius, and distinguished by the absence of armatures on the gill cover, the 
large size of the scales, which are articulated so as to form a solid armor, and 
the reduction of the ventral fins to:a single long spine and a few rudimental 
rays: ‘The fish figured in our illustration ( Trachichthys trazlt) represents a genus, 
with a few species from New Zealand and Madeira, characterized by the short and 
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blunt muzzle, the prominent chin, the strong spine at the angle of the preopercular, 
the rather small scales, and the serration of the lower border of the body. . The 
palatines and vomers carry villiform teeth; the single dorsal fin has from three to 
six spines, the anal six rays, and the tail is strongly forked. ‘The allied Anoplogas- 
ter of the tropical Atlantic is devoid of scales. In both genera the eye is very 
large. The typical genus Beryx, which has likewise but a single dorsal, may be 
distinguished by the smooth abdomen, and the lack of a spine on the preopercular. 
At the present day this genus is known from the tropical Atlantic, Madeira, and 
the seas of Australia and Japan; while in a fossil state it is abundant in the Chalk. 
Two barbels at the throat serve to distinguish Polymixia,; while in several of the 


NEW ZEALAND TRACHICHTHYS. 
(Two-fifths natural size.) 


other genera, such as Holocentrum, the dorsal fin is double. Spread over all. 
tropical seas, the latter-genus is likewise one of those dating from the Cretaceous 
epoch. 


Families CURT/D_Z and POLYNEMIDA 


Hach of these two unimportant families represents a group of equal rank with 
the perch-like division of the suborder; the first being characterized by having the 
single dorsal fin much shorter than the long and many-rayed anal. The compressed ~ 
body (as shown in the figure of Pempheris mangula, on the right side of the illus- 
tration on page 2722) is oblong in form, deep in front, and sharply narrowing - 
toward the tail. If developed at all, the spines of the short dorsal are few in num- - 
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ber; the scales are small or medium in size, and both the jaws, palatines, and vo- 
mers bear villiform teeth. While the typical genus Curtus is confined to the Indian 
seas, Pempheris ranges over the Indian Ocean, the Malayan seas, and the tropical 
parts of the Pacific. The presence of a number of filaments, which may attain an 
enormous length, is the most distinctive feature of the second family, as shown in 
the example of the type genus (Polynemus plebejus), represented on the left side of » 
the illustration last referred to; while a second characteristic is to be found in the 
two rather short dorsal fins, situated at a considerable distance from one another, 

and a third in the well-marked mucous- -bearing canals on the head. The body is 
oblong and somewhat compressed, with smooth or slightly ciliated scales, and a contin- 
uous lateral line. The muzzle projects somewhat beyond the mouth, which is inferior 
in position, with a lateral cleft, and the large eyes are lateral. There are villiform 
teeth in the jaws and on the palate, and the pelvic fins are thoracic in position, with 
one spine and five rays. ‘These fishes, which form three genera, include a number 
of species haunting the shores of tropical seas, and sometimes entering brackish 
or fresh water. ‘Their filaments, which sometimes exceed twice the entire length of 
the head and body and can be moved independently of the pectoral fins, serve as 
feelers; and as these fish live in muddy water, and generally have their large eyes 
obscured by a film, the use or such accessory organs of touch is easily understood. 


THE Scratnorips — Family SCL#NIDZ 


Of more general interest than the last is the-family.of Scieenoids, among which 
the umbrine of the Mediterranean and the widely distributed meagre are well-known 
examples. In this group the spinous dorsal is abbreviated at the expense of the 
more or less elongated soft dorsal, which also exceeds the anal fin in length; and al- 
though mucous canals are well developed on the head, there are no filaments near 
the pectoral fin. The somewhat elongated and compressed body is coated with 
ctenoid scales, and the uninterrupted lateral line sometimes continued.onto the tail 
_fin. The long mouth is at the extremity of the muzzle; the éye is medium and lat- 
eral; and in addition to bands of villiform teeth, the jaws may carry tusks, although 
they are never provided with incisors or molars, and the palate is devoid of teeth. 
The preopercular bone is smooth, and without any bony connection with the orbit; 
and the thoracic pelvic fins carry one spine and five rays. Frequently the air blad- 
der is provided with a number of appendages. These fishes have a rather curious 
geographical distribution, being unknown in the Pacific and Red Sea, but widely 
spread in the Atlantic and Indian Oceans, and especially common round the shores 
of Iudia, where many species enter estuaries and rivers. Some species have, in- 
deed, taken completely to fresh water, and never by any chance descend to the sea. 
Nearly all are eaten as food, and the air bladders of many of the Indian forms are 
extensively used as a source of isinglass. 

The North-American fish, rejoicing in the name of ‘‘drum’’ (Po- 
gontas chromis), represents a genus characterized by the upper jaw of 
the convex muzzle overhanging the lower, the presence of numerous small barbels 
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on the chin, and the absence of tusks. Ten stout spines form the iirst dorsal fin, 
and there are two spines in the anal, the hindmost of which is very strong. The 
scales are of moderate size, and there are a number of large flattened molar-like 
teeth on the pharyngeal bones. In length the drum often exceeds four feet; while 
it may scale upward of one hundred pounds. In what manner the extraordinary 
drumming sounds uttered by this fish, in common with other members of the family, 
are produced, does not appear to be ascertained, although it has been suggested 
that they may be due to the clapping together of the upper and lower pharyngeal 
teeth: | 

The umbrine of the Mediterranean ( Umérina tirrhosa), whose range 
extends southward to the Cape, was a fish well known to the ancients, 
and is a member of a genus containing about a score of species distributed through 
the Mediterranean, Atlantic, and Indian Oceans, Having an overlapping upper 
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COMMON MEAGRE 
(One-twelfth natural size.) 


jaw, it differs from the last genus in the presence of but a single short barbel on 
the chin; while the first dorsal fin has ten flexible spines; and the anal either one or 
two. In size the typical species reaches about three feet. | 
The third genus that we notice (Sciena) differs from both the pre-- 
ceding in the absence of any barbels; the cleft of the mouth being 
oblique and deep, and the eyes situated rather wide apart. The genus includes a 
very large number of species, with a geographical range equal to that of the family; 
one of the best known being the typical meagre (S. agudla), ranging from the 
British coasts to those of the Cape and Australia. Although most of the species’ 
are smaller, this fish may attain a length of upward of six feet. Yarrell states that 
the flesh of the meagre ‘‘ appears always to have been in great request with epicures; 
and, as on account of its large size it was always sold in pieces, the fishermen of 
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Rome were in the habit of presenting the head, which was considered the finest 
part as a sort of tribute to the three local magistrates who acted for the time as the 
conservators of the city.’’ It is certain members of this genus that have taken to 
a fresh-water existence. 
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With this small and well-defined family, all thé members of which attain very 
large dimensions, we*come to our first representatives of purely pelagic fishes. 
Sufficiently distinguished from all their allies by the production of the upper jaw 
into the long, wedge-shaped, sword-like weapon from which they take their name, 
the swordfishes are further characterized by the elongate and compressed body, the 
laterally-placed eyes, and the deep cleft of the mouth. ‘Teeth are either absent or 
rudimentary, and scales are likewise wanting, or represented merely by small rudi- 
mental structures. ‘The dorsal fin is either single or divided, but has no distinct 
spinous portion, and the pelvis, if present at all, takes the form of long’, rod-like, 
_thoracically-situated appendages. ‘There are seven branchiostegal rays, and an air 
bladder is present. In the adult the sword is formed by the coalescence of the pre- 
maxille, vomer, and ethmoid, and is rough on the under surface from the presence 
of rudimental teeth. The swordfishes are divided into the genera Xiphias and 
flistiophorus, according to the absence or presence of pelvic fins; these appendages 
in the latter being in the form of from one to three rays. ‘There is considerable ~ 
variation in the height of the dorsal fin, which is frequently so lofty as to project 
some distance above the water when the fish is swimming near the surface, and 
even, it is said, to answer the purpose of a sail. In the young, this fin is much 
higher in proportion to the length of the body than it is in the adult. In very 
young examples of the typical genus the beak is comparatively long, there are 
conical prominences on the edge of the supraorbital, the occiput is devoid of a spine, 
and there are two short, tooth-like processes at the angle of the preopercular. In 
Histiophorus, on the other hand, the beak at a corresponding age is much shorter; 
the supraorbital edge is finely denticulated, or smooth, and thereis a bony spine on 
each side of the occiput and at the angle of the preopercular. Although they are fre- 
quently not more than four to six feet in length, swordfishes may measure as much 
as from twelve to fifteen feet, and the sword itself may exceed a yard in length. 
The common European swordfish (X7zphias gladius), which is occasionally taken on 


the British coasts, ranges from the European seas to the opposite. side of the Atlantic; 


while to the southward it occurs off the northern and western coasts of Africa. 
Fiistiophorus, on the other hand, seems to be confined to the Pacific and Indian 
Oceans, ranging eastward to Japan. Of the three Indian species, the spotted. Indian 
swordfish (47. gladius) is distinguished by the dorsal fin being much higher than 
the body, and marked with dark blue spots on a lighter ground of the same color; 
the body being bluish gray above, and lighter beneath. On the other hand, in the 
black-finned swordfish (H. zmmaculatus) the general color of the body is dull gray, 
and the dorsal and anal fins are blackish. The third species (4. bvevivostris) has 
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the dorsal fin lower than the depth of the body; the general color being gray, but 
the dorsal and pectoral fins tipped with black. 

Mainly pelagic in their habits, swordfishes are among the most predaceous and 
savage of the monsters of the deep, transfixing their ordinary prey, which includes 
cod and tunny, with their formidable sword, and likewise attacking whales with 
the same weapon. In such conflicts, the swordfish, after making repeated stabs, 
generally comes out victorious, and the whale succumbs to his comparatively di- 
minutive antagonist. Occasionally, however, one of these fishes appears to mistake 
a ship’s bottom for a whale, and thereupon promptly charges it, sending the sword 
crashing through several inches of solid timber. In. such cases it may happen that 
the swordfish cannot withdraw its weapon, which is then broken off short in the 
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SPOTTED INDIAN SWORDFISH. 
(One-twentieth natural size.) 


struggles of its owner to escape. One thing we should like to see cleared up by 
actual observation, and that is, -in what manner a swordfish manages to remove 
from his weapon a cod, or other fish, which it has spitted. Instances are on record 
of these fish attacking and transfixing bathers; one such having occurred in the es- 
tuary of the Severn about the year 1830. Writing of one of the Pacific species, 
Colonel Pike observes that ‘‘ this fish is a beautiful sight in the water. It has a 
habit of lying sunning itself on the surface when undisturbed, its dorsal fin is fully 
expanded and acting as a sail (and when needed it can propel itself at great speed) ;. 
but it is only in the calmest weather it can be thus seen. It is frequently caught in 
deep water with hook and line, and when near the surface it is speared.’? -When it 
feels the hook or spear, a swordfish takes tremendous leaps in the air, and if care 
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be not exercised, will jump into the boat of the fishermen. In the South Sea 
islands young swordfish are caught in strong nets, although no net will hold a fish 
of six feet in length. One of the most recent instances of a swordfish attacking a 
ship occurred in the year 1874, on the voyage between Bombay and Calcutta. On 
_ this subject Frank Buckland writes that theré is in the Museum of the College of 
Surgeons a section of the bow of a South-Sea whaler, in which ‘‘is seen the end of 
the sword of a swordfish, measuring one foot in length and five inches in circum- 
ference. At one single blow the fish had lunged his sword through, and completely 
transfixed thirteen and one-half inches of solid timber. The sword had, of course, 
broken off in the hole, and thus prevented a dangerous leak in the ship. In the 
British Museum is a second specimen of a ship’s side with the sword of a swordfish 
fixed in it, and which has penetrated no less than twenty-two inches into the tim- 
ber. When His Majesty’s ship Leopard was repairing, in 1795, after her return — 
from the coast of Guinea, a sword of one of these fishes was found to have gone 
through the sheathing one inch, next through a three-inch plank, and beyond that 
four and one-half inches into the firm timber; and it was the opinion of the mechan- 
ics that it would require nine strokes of a twenty-five-pound hammer to drive a bolt 
of similar size and form to the same depth into the same hull; yet this was accom-. 
plished by a single thrust of the fish.’’ In the Mediterranean countries, where 
these fishes are commonly taken in tunny nets, their flesh is exposed for sale in the 
markets. Geologically, the swordfishes appear to be a comparatively modern group, 
the earliest known representatives, which have been assigned to the existing genus 
Flistiophorus, occurring in the London Clay. 


THE SCABBARD FISHES AND HAIRTAILS— Family .7R7CH/IURIDZE 


Another group of equal rank with the perch-like section is formed by a family — 
of fishes, characterized by the elongate and compressed or even band-like form of 
the body; the mouth having a wide cleft and several large conical teeth either in the 
jaws or on the palate. The dorsal and anal rays are long and many rayed, with 
the spinous nearly equal in length to the soft portion, finlets sometimes occurring 
behind the latter; the pelvic fins, if present, are thoracic in position; and the caudal 
is sometimes wanting, but, when developed, forked. In all cases the scales are 
either rudimental or wanting, but the air bladder is constant. ‘These fishes are dis- 
tributed over all tropical and subtropical seas; but while some are surface forms, 
never found at any great distance from the coasts, others descend to considerable 
depths in the open sea; all are carnivorous, and many very powerful. In India, 
writes Day, ‘‘these fishes are held in various estimation in different places. In 
Baluchistan, and where salt is cheap, no one will touch them; but along the coasts 
of India they are more esteemed, mostly because being thin or ribbon shaped they 
can be dried without salting. In a fossil state these fishes date from the lower Ko- 
cene of Switzerland and other parts of Europe, where they are represented by 
extinct genera; species of scabbard fish occur in the Sicilian Miocene, which has 
also yielded forms allied to the hairtails ( 7richiurichthys), but with the body scaled. 
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Among the better-known forms, the scabbard fish (Lepzdopus cauda- 
~ tus) represents a genus characterized by the absence or rudimentary — 
condition of the pelvic fins, the long single dorsal, and the distinct but small tail 
fin. Although it may attain a length of five or six feet, the attenuation of the body 
is so great that the whole weight does not exceed as many pounds. ‘The fish has a 
very wide geographical distribution, ranging from the Mediterranean and warmer 
regions of the Atlantic to the Cape, and thence to New Zealand and Tasmania, 
while it occasionally wanders to the British coasts. This wide range may probably’ 
be taken as an indication that the scabbard fish is a comparatively deep-sea form. 
In New Zealand, where it is known as the frostfish, the scabbard fish is highly 
esteemed for its flesh, which is white, rich, firm, and tender, with an excellent 
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SCABBARD FISH. | 
(One-thirteenth natural size.) 


flavor. On this account, says an anonymous writer, ‘‘the fish is eagerly sought 
after, and commands a high price, as the supply is irregular, and not equal to the 
demand. Not much is yet known of the manners and customs of the frostfish, 
but the little that has been made manifest is decidedly peculiar. It is a deep-water - 
fish, and yet, strange to say, has never yet been taken by the net, the rod, or the 
line. Even the all-gathering trawl has hitherto failed to bring it to the surface of 
the deep. How then is its capture effected? ‘To all appearance the frostfish is 
captured by the fishermen only when it commits suicide and immolates itself on the 
sandy beaches of the Pacific. The facts are, that on calm and frosty nights, during 
the autumn and winter months, numbers of frostfish come ashore alive through 
the surf on the beaches before referred to, and there wriggle on the firmer sands 
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above, to be devoured by the watchful sea birds, or picked up by the fortunate 
fisherman. No satisfactory reason has as yet been assigned for this rash act, al- 
though numerous theories have been propounded to account for it. One is that the © 
hapless fish is pursued by a shark or other enemy, and prefers uncertain life on land 
to certain death at sea. Another and a moré plausible theory is that the fish dis- 
tends its air bladder to enable it to reach the surface for air or food, and that the keen 
frosty air there prevents it from compressing the bladder, and thus returning to its 
habitat under the waves. In this way the luckless fish gradually drifts into shallow 
water, and is dashed ashore by the surf, only to struggle onto dry land to meet its 
fate. As may be imagined, the capture of the frostfish has nothing specially 
sportsman-like about it. The long sandy beaches some twelve miles from Dunedin 
are the favorite resort of the frostfisher. The usual plan is to form a party of two or 
“more, and camp out overnight at the foot of the cliffs which overhang the beach. 
Here a huge fire is lighted, and a tent pitched close at hand. The night, of course, 
must be clear and calm, as well as frosty, otherwise the long Pacific rollers make 
the surf too high for the successful capture of the game. ‘The fishing itself is 
rather slow work. It consists merely in walking from end to end of the beach 
shortly before dawn (the untimely hour chosen by the fish for self-destruction), and — 
keeping a sharp lookout in the surf for the silver streak which betokens the advent 
of the frostfish. When a fish is seen struggling in the waves or on the sand, all 
_that remains to be done is to catch hold of it, and drag it up out of reach of the 
backwash (if it me not wriggle up by its own motion), and there dispatch it with 
a stick or knife.’ 

These scaleless fishes ( 77zchzurus) take their name from the absence 
of a caudal fin, the body tapering posteriorly into a fine point. The 
single dorsal extends the whole length of the ribbon-like body; the pelvic fins are 
represented merely by a pair of scales, or are completely wanting; and the anal is 
rudimental, its spinous portion being reduced to a number of very small spines 
scarcely projecting above the skin. ‘The jaws are provided with long tusks, and 
there are teeth on the palatine bones, although none on the vomer. Essentially 
tropical fishes, generally found in the vicinity of land, they appear to be sometimes 
carried by currents out to sea, which will probably account for the occasional ap- 
pearance of the West-Indian 7. /epturus on the British coasts. These fishes attain 
a length of from three to four feet; and one of the Indian species is described as ex- 
tremely voracious, preying on crustaceans and various fishes, specie which mem- 
bers of its own kind are included. 

The local name for a New Zealand representative ( Zhyrsites atun) 
of another genus may be taken as the popular title of all its members. 
These fishes, in which the rather elongate body is covered with minute scales, are 
characterized by having from two to six finlets behind the dorsal and anal, and the 
presence of teeth on the palatines. Barracudas, which grow to as much as five 
feet, form important food supplies in the Cape, South Australia, New Zealand, and 
Chili; when the flesh has been dried or otherwise preserved, it is exported from 
New Zealand in quantities to Mauritius and Batavia. The genus is unknown in 
the Indian seas, where the family is represented by the hairtails. 
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Two extinct genera, namely, Paleorhynchus from the Eocene of 
Switzerland and Hemirhynchus from the Oligocene of France, repre- 
sent a separate family (Palgorhynchide@), distinguished from the last 
by the production of the muzzle into a long beak, which may be either provided 
with small teeth or toothless. The dorsal fin eccupies nearly the whole length of 
the compressed body, and the anal fin is also elongated, and extends nearly to the 
forked caudal. 


Allied Extinct 
Forms 


Tur SuRGHONS — Family ACRONURID.Z 


With this family we come to a group of spiny-finned fishes, including some 
thirteen others, which present the following characteristics in common: ‘The dorsal 
fins are either placed together or continuous, the spinous portion being, when fully 
developed, shorter than the soft part, while it may be modified into tentacles, 
detached spines, or an adhesive disc; and the anal is similar in characteristics 
to the soft dorsal, and in some instances both these fins are modified posteriorly 
into finlets. The pelvic fins, if developed, are always thoracic or jugular in 
position, and are never modified into a sucker; and there are no papillee in the 
neighborhood of the vent. Nearly the whole of the members of the group are 
marine. : 

The first family is typified by a genus (Acronurus) the representatives of which 
are popularly known by the name of ‘‘ surgeons,’’ owing to the presence of a sharp 
lancet-like spine on each side of the tail in the adult. In addition to the presence 
of one or more such spines or bony plates, the family is further characterized by a 
single dorsal fin, with a very small number of spines. The body is compressed and 
oblong or deep in form, with a covering of minute scales; the moderate-sized eyes 
are lateral in position; the small mouth is furnished in front with a single series of 
more or less compressed upper and lower incisors, which may be either pointed or 
serrated; but the palate is toothless. The pelvic fins are thoracic in position, and 
the hinder extremity of the air bladder is forked. These fishes are inhabitants of 
- all the tropical seas, and are most common in the neighborhood of coral reefs and 
islands, where some feed on the soft polyps of the coral, but others on various 
vegetable substances. In the true surgeons (Acronurus) there is an erectile spine 
situated in a groove on each side of the tail, and thé pelvic fins are generally 
furnished with a single spine and-five rays. In the young the body is scaleless, . 
and the tail spines either very small or wanting. ‘These fishes are represented by a 
large number of species, the largest of which does not exceed eighteen inches in 
length, and they are distributed over all tropical seas with the exception of the 
Eastern Pacific. In a fossil state the genus, like the next, occurs in the middle 
Eocene beds of Monte Bolca, in Italy. From the true surgeons the members of the 
genus /Vaseus, which range over the tropical Pacific and the Indian Ocean, are 
distinguished by having from one to three nonerectile spines on each side of the 
tail, and the presence of only three rays in the ventral fins; while in some forms 
the head is armed with a forwardly-directed bony horn or crest-like prominence. 
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The minute and rough scales make the skin like fine shagreen. A third genus 
(Prionurus) differs in having a series of keeled bony plates instead of spines on the 
sides of the tail. All the species of Maseus are said to be purely herbivorous. The © 
true surgeons use their spines as formidable. wecnaes of attack by erecting them and 
striking sideways with their tails. | 


THE HorsE MACKERELS— Family CARANGID_Z£ 


Although the name horse mackerel properly applies only to a single British fish 
(Caranx trachurus), otherwise known as the scad, it may conveniently be made to do 


COMMON MACKEREL AND HORSE MACKEREL. 
(One-third natural size.) 


duty for the whole of the members of the family to which that species pertains. Hav- 
ing the body more or less compressed, these fishes are specially distinguished by the 
teeth, when present, being villiform or conical. ‘The spinous portion of the dorsal 
fin is sometimes rudimental; the hinder‘rays of both the dorsal and anal may be 
broken up into separate finlets, and when present, the pelvic fins are thoracic in 
position. In the skeleton there are ten trunk and fourteen tail vertebree, although 
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in one genus the number of the latter is increased'.to sixteen. The gill openings 
are wide, the eyes lateral, and there is no bony stay connecting the. preopercular 
with the infraorbital ring. , The scales, which are usually small, may be altogether 
wanting, and in many cases the lateral line is wholly or partially armed with shield- 
like overlapping plates. ‘There is always an air bladder. In the young of some 
forms there is an armature of the head, which disappears in the adult. Carnivo- 
rous in their diet, the horse niackerels are distributed at the present day over all 
temperate and tropical seas; and were also abundant during the Tertiary period, 
and likewise represented by extinct genera in the antecedent Cretaceous epoch. 
Remains of these fishes are found in extraordinary profusion in the middle Eocene 
strata of Monte Bolca, one of the most remarkable types from that formation being 
the extinct Semzophorus, in which the dorsal fin is so elevated as to exceed the total 
length of the head and body, while the pearals formed a pair of backwardly- 
directed tapering spines. 

Invthe Pereeal genus Caran the Beas is generally more or less 
compressed, although sometimes almost cylindrical; the hard dorsal 
fin, which may be rudimentary, is continuous, with about eight weak 
spines; while in a few species the soft portion of both this and the anal is broken — 
up into finlets. The scales are very small, and while in the British horse mackerel 
(C. trachurus), represented in the lower figure of our illustration, the lateral line is 
protected by bony plates throughout its entire extent, in many other species these 
plates are restricted to its hinder moiety. Several of these plates may be traversed 
by a keel terminating in a spine. The genus is represented*by nearly a hundred 
species, some of which have teeth on the palate, while in others these are wanting. 
Ranging over almost all temperate and tropical seas, many of them swim out to 
considerable distances from the shore, and thus acquire a very large distributional 
area. ‘The larger forms may measure fully a yard in length; and the flesh of all is 
edible. The genus is represented in the Monte Bolca Eocene. Horse mackerel 
sometimes make their appearance in enormous shoals on the British coasts and it is 
stated that on one occasion upward of ten thousand were taken in Cornwall. A 
correspondent of Yarrell wrote, that in the summer of 1834 vast shoals of these fish 
were seen on the Glamorganshire coast. ‘‘ They were first observed in the evening, 
and the whole sea, as far as we could command it with the eye, seemed in a 
state of fermentation with their numbers. ‘Those who stood on some projecting 
rock had only to dip their hands into the water, and ‘with a sudden jerk, they 
might throw up three or four. ‘The bathers felt them come against their bodies, . 
and the sea, looked on from above, appeared one dark mass of fish. Every net was 
immediately put in requisition, and those which did not give way from the weight, 
were drawn on shore laden with spoil. One of the party who had a herring seine 
with a two-inch mesh was the most successful; every mesh held its fish, and formed 
a wall that swept on the beach all before it. The quantity is very inadequately 
expressed by numbers, they were caught by cart loads. As these shoals were pass- ~ 
ing us for a week, with their heads directed up channel, we had the opportunity of 
noticing that the feeding time was morning and evening. ‘They were pursing: the 
fry of the es Ei and I found their stomachs constantly full of them.’’ | 
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Another genus is represented by the pelagic pilot fish (/Vaucrates 
. ductor), which takes it,name from a supposed habit of guiding and 
protecting the sharks and ships which it accompanies. Having no plates on the 
lateral line, this fish is further characterized by the rounded under surface of the 
body, by the first dorsal fin being composed in the adult of detached spines, by the 
absence of finlets, and the presence of a keel on each side of the tail. When adult, 
the pilot fish measures about a foot in length. In color, itis bluish, with five or six 
dark vertical bands; the tail fin sometimes having the ends of its two lobes dark, 
as alsoa band across the middle third. Ranging over all temperate and tropical 
seas, pilot fish were regarded as sacred by the ancients, by whom they. were known 
as pompili; the common belief being that when the ship neared land, the fish sud- 
denly disappeared, and thus gave warning to the sailors of impending danger. 
Many legends have grown in later times as to how pilot fish will prevent sharks 
from taking a bait by swimming round them and enticing them away; but all these 
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appear to be pure fictions, and perhaps the best account of the real habits of the 
fish is one by Dr. Meyen, from which the following summary is taken. It appears 
that the pilot fish constantly swims in front of the shark, sometimes coming close 
to its muzzle or front fins as it approaches a ship, and sometimes darting sidewise 
or forward for a short distance, and then returning to the side of the larger ship. 
In one instance, where a baited hook was thrown over the ship’s side, the pilot fish 
rushed up, and after swimming close to the bait, returned to the shark, and by 
swimming and splashing round it appeared to be attracting its attention. Soon after 
the shark began to move, with the pilot fish in front, and was almost immediately 
hooked. Instead of the pilot fish taking care of the shark it would rather seem to 
frequent the company of the latter for the sake of the fragments of food and other 
substances to be found in its neighborhood; and it is doubtless for the same reason 
that, these fishes follow ships. In summer, pilot fish will not unfrequently accom- 
pany vessels into the southern British harbors; but their purely pelagic habits are 
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indicated by the circumstance that their spawn and fry are found far out in the 
open sea. The young’ both of this fish and of some of the allied forms are so 
different in appearance from their parents that they have been described under 
distinct generic names. 

Both the preceding genera belong to a group of the family in which 
the spines of the anal fin are detached from its soft portion. Asan 
example of a second group in which these two portions are connected by membrane, 
we may notice the so-called sea bats (Platax), remarkable for the great height and © 
compression of the rhomboidal body, and the strong development of the dorsal and 
anal fins, which are often nearly similar inform and size. Indeed, except that they 
are symmetrical and have an eye on each side of the head, the sea bats look almost 
like flatfishes. They have the spinous portion of the single dorsal fin almost con- 
cealed, and with from three to seven spines; the anal has three spines; and the pelvic 
fins, which are sometimes greatly elongated, havea single spine and five rays. The 
scales are rather smaller or medium; the palate is toothless; and the jaws have a 
series of outer teeth somewhat larger than the small ones of the inner rows, These 
fish, of which there are but few species, appear to be confined to the Red Sea, Indian 
Ocean, and the Western Pacific, where they are abundant. Some of them attain a 
length of about twenty inches, and the body may be marked by a few broad vertical 
dark bands, the long lobes of the fins being black. In young specimens the rays of 
the median fins are proportionately much longer than in adults, thus giving the 
whole fish somewhat the appearance of a cheese cutter. Sea bats are found ina 
fossil state not only in the middle Eocene of Monte Bolca, but likewise in the Cre- 
taceous rocks of England and the Lebanon, so that the genus is an old one. In the 
allied genus Pse¢tus, from the coasts of Western Africa and the Indo- -Pacific Ocean, 
the pectoral fins are rudimental. 


Sea Bats 


THE DortES— Family CYT7/DZ 


The deep form of the compressed body, the division of the dorsal fin into two 
distinct moieties, and the circumstance that the number of trunk vertebrze exceeds 
ten, and that of the tail fourteen, form the leading features by which the small 
family of the dories are distinguished from the other members of the group under 
consideration. The body may be invested either with small scales or bony plates, 
or may be devoid of both. ‘The eyes are lateral, and the teeth conical and small. 
There is no connection between the preopercular and the orbit; the gill opening is 
wide, and the pectoral fins are thoracic in position. The John Dory (Zeus faber), 
which gives the name to the family, and is said to derive its own title from a cor- 
ruption of a foreign equivalent of ‘‘ gilded cock,’’ represents a genus with few spe- 
cies, characterized by a series of bony plates at the base of the do1sal and anal fins, . 
and another on the under surface; the anal having four spines. ‘The eight or nine 
spines of the first dorsal fin, which is not much shorter than the second, are pro- 
duced into long slender filaments; and there are but few or no scales. ‘The genus 


(2736 _ THE BONY FISHES AND GANOIDS | 


ranges over the Mediterranean, the eastern coasts of the temperate zones of the At- 
lantic, and the Australian and Japanese seas; while in a fossil state it occurs in the 
Miocene deposits of Sicily. An exceedingly ugly and ill-favored creature, with a 
huge protruding mouth, the common dory is olive brown tinged with yellow incolor, 
showing blue and metallic reflections in certain lights. The sides bear a large black 
spot, surrounded by a white ring; a similar mark*occurring in some of the other spe- 
cies. A somewhat migratory fish on the British coasts, the dory has been long es- 
teemed by epicures, and it is stated that its flesh is better on the second than on the 
first day. Couch writes that ‘‘ when the pilchards approach the shore, the dory is 
often taken in considerable numbers. In the autumn’ of 1829 more than sixty were 
hauled on shore at once in a net, some of them of large size, and yet the whole of 
them were sold for nine shillings. It continues common until the end of winter, af- 
ter which it is more rare but never scarce. The form of the dory would seem to 
render it incapable of much activity; and it is sometimes seen floating along with 
the current rather than swimming; yet some circumstances favor the idea that it is 
able to make its way with considerable activity. It keeps pace with shoals of pil- 
chards, so that some are usually inclosed in the seine with them; it also devours the 
common cuttle, a creature of vigilance and celerity; and I haveseen a cuttle of a few 
inches long taken from the stomach of a dory that measured only four inches.’’ In 
the allied genus Cy/tus, represented by three species from Madeira, South Aus- 
tralia, and New Zealand, the body is covered with minute scales, there are no bony 
plates, the number of spines in the anal fin is two, and the a he fins Kee one 
spine and six or eight as a 
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STROMATEIDS AND CORYPHANAS — Families STROMA TEIDE and 
: CORYPH ANID 


These two families are collectively distinguished from the preceding by the ab- 
sence of any distinct spinous portion to the dorsal fin; the compressed body being 
either oblong, or very deep; and there being more than ten vertebree in the trunk, 
and more than fourteen in the tail. In the first of the two the dentition is feeble, 
the palate being devoid of teeth; but there are horny barbed processes projecting 
into the cesophagus which take the place of oral teeth. The scales are very small, 
the eyes lateral, and the dorsal fin long. The typical genus Stvomateus, which in- 
cludes about half a score of species from most tropical and temperate seas, is charac- 
terized by the absence of pelvic fins in the adult; the dorsal and anal fins being long, 
with their points curving backward in several or the species, and the caudal deeply 
forked. In habits these fishes are partly pelagic. | 

The second of the two families is represented typically ‘By the well- 
known pelagic coryphznas (Coryphena), popularly miscalled dolphins. 
As a family, the Coryphenide are readily distinguished from the Stromateide by the 
absence of tooth-like processes in the cesophagus. In the typical genus the body is 
somewhat elongated and compressed, the adults having an elevated crest on the top 
of the head; and the cleft of the mouth is wide. The single dorsal fin extends in a 
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nearly straight line from the back of the head almost to the deeply-forked caudal; 
the anal resembles the dorsal in having no distinct spinous portion; and the well- 
developed pelvic fins are thoracic in position, and can be received in a groove in the 

abdomen. ‘Teeth are present in the jaws, as well as on the vomer, palatines, and | 
tongue; the cycloid . 
scales are small; and 
there is no air blad- 
der. The cory- 
pheenas, of which 
there are some half- 
dozen species, are jones SS 
purely pelagic fishes, wy CORVPHANA. 

ranging over all tem- 

perate and tropical seas, and remarkable for the beauty of their fleeting colors. Dr. 

Gitinther observes that so ‘‘ far as the colors are capable of description, those of the 
common species (C. hippurus), which is often seen in the Mediterranean, are silvery 
blue above, with markings of a deeper azure, and reflections of pure gold, the lower 
parts being lemon yellow, marked with pale blue. The pectoral fins are partly lead 
color, partly yellow; the anal is yellow, the iris of the eye golden. ‘The iridescent 
colors change rapidly while the fish is dying, as in the mackerel. The form of the 
body, and especially of the head, changes considerably with age. Very young spec- 
imens, from one to six inches in length, are abundant in the open sea, and frequently 
obtained in the tow net. ‘Their body is cylindrical, their head as broad as high, 
and the eye relatively very large, much longer that the snout. As the fish grows, 

the body is more compressed, and finally a high crest is developed on the head, and 
the anterior part of the dorsal fin attains a height equal to that of the body.’’ This 
species ranges over all tropical seas, and attains a length of from five to six feet; al- 
though its flesh is unpalatable to Europeans, it is eaten by the natives of Madras. 

Powerful swimmers, and associating in large shoals, coryphzenas are determined en- 
emies to flying fish, pursuing them as they skim from wave to wave, and capturing 
them as they again fall into the water. 

As an example of genera in which the body is much Ben OC 
short, and deep, we may select the sunfish (Lampris luna), of the 
North Atlantic and Mediterranean, the sole representative of its genus. The body 
is covered with very small deciduous scales, the mouth has a narrow cleft, and is 
devoid of teeth, the dorsal has its anterior portion elevated into a narrow point, and 
the pelvic fins are composed of numerous rays. ‘This fish, which attains to the 
_ length of four feet, is remarkable for the beauty of its coloration, the body being 
bluish, with round silvery spots, and the fins brilliant scarlet. Its flesh is reported . 
to be of good flavor. In the allied Mene, also represented by a single species (J. 
maculata), inhabiting the Indian and Malayan seas, and attaining a length of eight 
or nine inches, the jaws are toothed, the mouth is very protractile, and the first rays 
of the pelvic fins are greatly elongated. This genus is found in a fossil state in the. 
middle Eocene of Monte Bolca; while in the London Clay we have the extinct 
Goniognathus. | | 
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NOMAIDS AND MACKERELS— Families VOMAZ@ID4 AND SCOMBERIDZ 


Both these families agree in having two dorsal fins, and in the number of trunk | 
vertebrae exceeding ten, and the caudal fourteen. In the first small and compara- 
tively unimportant group there may be finlets, behind the dorsal and anal fins; the 

dorsal has a distinct spinous portion, the caudal is forked, and the body covered 
with cycloid scales of moderate size. All these fishes are marine, and, in the young 
state at least, pelagic. Of the better-known genera, Gastrochisma, with a broad cleft 
to the mouth, finlets on the back and abdomen, and enormous pelvic fins, capable of 
being folded into a cleft in the body, and of which the position is thoracic, is known 
by asingle New-Zealand species (G. melampus). On the other hand, Nomeus, with 
two species from the tropical Atlantic and Indian Oceans, lacks finlets, and has a 
narrow mouth cleft. | 


NEW ZEALAND GASTROCHISMA. 


The second of the two families is typically represented by the true 
| mackerels (,Scomdber), and is characterized by the oblong or slightly 
elongated form of the body— which is but very slightly compressed, and covered 
either with very minute scales, or naked —and the structure of the dorsal fins. The 
first of these may be either modified into free spines, or an adhesive disc, or the 
posterior dorsal, together with the anal, is split up into finlets. There may or may 
not be an air bladder. Characterized by their beautiful protective coloration, which 
is some shade of bluish green, mottled or barred with black above, and iridescent 
silver beneath, the members of this family are all pelagic and carnivorous fish, asso- 
ciating in shoals, which may be of immense size, and frequenting all tropical and 
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temperate seas. ‘To enable them to keep up their constant rapid movements, their 
muscles, which are consequently red in color, receive a much more abundant sup- 
ply of blood than is the case with other members of the class, and their temperature © 
is thereby raised several degrees higher. Although spawning in the open sea, at 
certain times of the year they make periodical migrations toward the shore in pur- 
suit of the shoals of herrings and their fry on which they so largely subsist. In 
time, the family dates from the lower Eocene deposits of Switzerland, where it is 
represented by several extinct genera, and likewise by a species of sucking fish; 
while many of the other existing genera occur in the latter deposits. 

The true mackerels are characterized by the first dorsal fin being continuous, 
with feeble spines; the presence of five or six finlets behind the dorsal and anal; the 
very small scales, which are evenly distributed over the body; the small size of the 
teeth; and the two short ridges on each side of the caudal fin. Although there are 
but very few species of mackerel, these have a very wide range; and the genus is 
represented throughout the temperate and tropical seas, with the exception of the 
Atlantic seaboard of temperate South America. The general coloration and form 
of mackerels are too well known to call for description, and it will suffice to men- 
tion that of the three European forms the common mackerel (.S. vernalis)* has no 
_air bladder, while the southern mackerel (.S. pxeumatophorus) takes its name from 
the presence of that organ, which likewise exists in the Spanish mackerel (.S. coHas). 
In a fossil condition this genus occurs in the European Eocene and Miocene deposits. 
Of the common mackerel, which is represented in the upper figure of the illustra- 
tion on p. 2732, Yarrell writes that ‘‘the ordinary length varies from fourteen to 
sixteen inches, and their weight is about two pounds each; but they are said to 
attain the length of twenty inches, with a proportionate increase in weight. The 
largest fish are not, however, considered the best for table. As an article of food, 
they are in great request; and those taken in the months of May and June are gen- 
erally considered to be superior in flavor to those taken either earlier in the spring 
orin autumn. To be eaten in perfection, this fish should be very fresh. me eT he 
enormous takes of mackerel which occasionally reward the labors of British fisher- 
men are too well known to need mention. 

Under this general title may be included not only “ei fish to which 
the ndme tunny ( 7hynnus mediterraneus) properly pertains, but like- 
wise those commonly designated bonitos and albicores. The genus, which com- 
prises some of the largest of all pelagic fishes, differs from the true mackerels by 
the greater number (six to nine) of finlets, by the scales forming a kind of corselet 
on the anterior part of the body only, and the presence of only a single longitudinal 
ridge on each side of the tail. The tunnies have a geographical distribution coex- 
tensive with that of the family; and in a fossil state are found in the Eocene 
and Miocene deposits of the Continent. The common species, which attains a 
length of over ten feet, and a weight of half a ton, is an occasional visitor to the 
British coasts, and is abundant in the Mediterranean, where it has been regularly 
fished for since very early times. At the present day specimens of a hundredweight ~ 
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*The author can neither admit the combination Scomber scomber as the title of this fish, nor that of Thynnus 
thynnus for the tunny. 
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each may often be seen in the Lisbon market; their flesh, which is as red as beef, 
being cut up and sold by weight. The bonito (7: pedamys) is a smaller and more 
slender fish, rarely exceeding a yard in length, and frequenting all temperate and 
tropical seas; while the name of albicore is applied to species like 7. albicora of the | 
Atlantic, characterized by the great length of their pectoral fins, some of these fish 
attaining a length of six feet. Albicore and ‘bonito will follow in the wake of sail- 
ing ships for weeks together. They prey largely on flying fish; and Bennett writes 
of one species that it was interesting ‘‘to mark the precision with which it swam 
beneath the aéronaut, keeping him steadily in view, and preparing to seize him at 
the moment of his descent. But this the flying fish would often elude by instanta- 
neously renewing his leap, and not unfrequently escape by extreme agility.’’ 
Moseley writes that, when at St. Vincent, he saw a tunny of some twenty-five 
pounds in weight attracted by baits thrown into the water by some negroes, who 
_ kept on casting in fresh ones for some time, in order to give their victim confidence. 
«* A very strong piece of cord, with a hook like a salmon gaff made fast to it, was 
then baited with a small fish, just enough to cover the point of the hook, and a 
stout bamboo used as a rod. The cord was hitched tight round one end of it, with 
about a foot of it left dangling with the hook. One negro held the rod, and another 
the cord, the bait being held just touching the surface of the water. The fish swam 
up directly, and took it; the negro holding the bamboo struck sharply, and drove 
the big hook right through the fish’s upper jaw, and both men caught hold of the 
line and pulled the fish straight out on to the rock.’’ This instance indicates the 
remarkable boldness and voracity of the tunnies, the fish in question not being six 
feet distant from the negro holding the pole when it took the bait. Passing over 
several allied genera, such as Pelamys and Cybium, we. proceed to a more interesting 
group of the family. see “an 
The remarkable adhesive disc on the upper surface of the head at. 
once serves to distinguish the sucking fishes, not only from their im- 
mediate relatives, but likewise from all other members of the class; 
and it may be mentioned that the development of this disc by means of what is 
called natural selection presents one of the strongest objections to the acceptance of 
that doctrine, since in its incipient stages such a structure would be utterly useless. 
The genus Zchene?s, to which all the half-score species of sucking fish pertain, dif- 
fers from all those noticed above in the absence of finlets; the sucking dise being 
formed by a modification of the spines of the dorsal, and being composed of a num- 
ber of transverse plates, varying from twelve to twenty-seven, according to the spe- © 
cies. It is not a little remarkable that there exists in the Indian seas, as also in the - 
tropical Atlantic, a fish (Avacate nigra) closely allied to the sucking fishes, but with 
the disc represented by a few short and separated spines; and it may be considered 
certain that this fish is the survivor of the ancestral type from which its more spe- 
cialized relatives have been evolved. ‘The body of the sucking-fishes is elongate and 
pyriform; the eyes are lateral, or directed downward and outward; and the cleft of 
the mouth is deep. Villiform teeth are present, not only in the jaws and on the 
bones of the palate, but generally also on the tongue; the scales are minute; and 
there is no air bladder. ‘The second dorsal and anal fins are elongated, and the pel- 
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vics thoracic in position. Both in this genus and Alacate the shape of the caudal fin 
is subject.to considerable change with age; the middle portion in the young being 
produced into a long filament, which gradually shortens until a rounded margin is | 
produced. At the time of the full development of the fish the corners of the tail 
have, however, grown out, so as to convert the rounded fin into an emarginate or 
forked one. Of the two most common members of the genus Echenezs remora, 
which is the one represented in our illustration, is comparatively small, growing 
only to a length of about eight inches; whereas £. xaucrates, characterized by the 


SUCKING FISHES. 
(Two-thirds natural size.) 


slenderness of its form, may reach a yard in length. Sucking fishes are inhabitants 
of nearly all seas, and in a fossil state are found in the lower Eocene deposits of 
Switzerland. se - | | | 

Sucking fishes are commonly found attached fo the bodies of sharks, although 
they may affix themselves either to turtles or ships; and as they are carried by © 
their involuntary hosts through a much greater extent of water than their limited 
powers of swimming would admit of their traversing by themselves, they naturally 
obtain a much greater supply of food than would otherwise be possible. The 
erection of the plates constituting the sucker produces a series of vacua, by means: 
of which the adherence is effected; and so strong is the adhesion that it is very 
difficult to remove one of these fishes except by sliding it along the surface to which 


2742 THE BONY FISHES AND GANOIDS 


it is attached. Moseley remarks that in shark fishing the suckers sometimes drop 
off as the shark is hauled on board, and sometimes remain attached; and that when 
a shark is hooked and struggling in the water, they may often be seen to shift 
their position. He adds that as it is the back of the sucking fish that is applied — 
to the body by which it is transported, this ‘‘ being always less exposed to light is 
light colored, whereas the belly, which is constantly outermost and exposed, is of a 
dark chocolate color. The familiar distribution of color existing in most other fish 
is thus reversed. No doubt the object of this arrangement is to render the fish less 
conspicuous on the brown back of the shark. Were its belly light colored, as usual, 
the adherent fish would be visible for a great distance against the dark background. 
The result is that when the fish is seen alive, it is difficult to persuade oneself at 
first that the sucker is not on the animal’s belly, and that the dark exposed surface 
is not its back. The form of the fish, which has the back flattened and the belly 
raised and rounded, strengthens the illusion. _ When the fish is preserved in spirits, - 
the color becomes of a uniform chocolate and this curious effect is lost. "When one 
of these fish, a foot im length, has its wet sucker applied to a table, and is allowed 
time to lay hold, it adheres so tightly that it is impossible to pull it off by a fair 
vertical strain.’’ When they have lost their shark these fish often attach them- 
selves to a ship, which they probably mistake for a large individual of that race. 
It has been stated that certain races are in the habit of employing sucking fishes - 
for the capture of turtles. This curious mode of fishing is practiced by the natives 
of Zanzibar, Cuba, and Tcrres Straits. 


STARGAZERS AND WEAVERS—Family ZRACHINIDZ 


According to the arrangement adopted by Dr. Gunther, the eighth family of the | 
group under consideration is taken to include not only the typical weavers, but 
likewise the stargazers and several other more or less nearly allied types, these 
being split up into five subfamilies. On the other hand, Day prefers to regard 
some if not all of these subfamilies as the representatives of distinct families; but 
in a work of the present nature it will be more convenient to treat the whole 
of them together. In this wider sense the family is characterized by the more or 
less elongated and narrow form of the body, which may be either naked or have 
scales. A spinous dorsal, or a spinous portion of the dorsal, is generally distinct, 
in which the spines are connected by membrane; there are no finlets; the caudal 
(except in the tilefish) is not forked; the pelvic fins include a single spine and five 
rays; and the gill openings are more or less wide. The number of verbtebree in the 
trunk is generally ten or more, and there are always more than fourteen in the tail. 
As a rule, the members of this family agree with those of the preceding families of 
the group in the absence of a bony stay connecting the preopercular bone with the 
orbit, but in the genus Pseudochromis and its allies such a connection exists. 
Carnivorous in their habits, the majority of these fishes are of small size, with but 
feeble swimming powers, and living on the bottom of shallow seas. The tilefish 
and its allies are, however, large deep-water forms. and the genus Bathydraco has 
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been taken from depths of over twelve hundred fathoms. ‘They inhabit all seas ex- 
cept the Arctic, where they are are almost unknown. 

The stargazers as typically represented by the genus Uvanoscopus, 
of which one species (U. scaber) is shown in the upper figure of the 
accompanying illustration, form the first subfamily, and take their name from the 
upward direction of their small eyes, which are situated on the upper surface of 
the head. They are further characterized by the continuous lateral line, and by the 
spinous portion of the single or double dorsal fin being less developed than the soft 
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STARGAZER AND WEAVER. 
(One-third natural size.) 


part, which is similar to the anal: The members of the typical genus are distin- 
guished by the large, broad, and massive head being partly covered with bony plates; 
the vertical cleft of the mouth; and the minute size of the scales. The first of the 
two dorsal fins has from three to five spines, and the rays of the pectorals are 
branched. Villiform teeth are present in the jaws and on the bones of the palate, 
but there are no tusks. The gill cover is armed; and there is generally a long 
filament below or in front of the tongue, but there is no air bladder. While the. 
figured species is from the Mediterranean, the others range from the Indo-Pacific to 
the Atlantic. Rarely measuring a foot in length, these exceedingly unprepossessing 
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fish can raiseor depress their small eyes at will, and are generally found lying 
sluggishly on the sea bottom in wait for their prey, frequently concealed among 
stones. The filament in front of the mouth, which is moved by the stream of water 
continually passing through the latter, doubtless acts as a lure to entice the small 
creatures on which these fishes feed. In the allied Leptoscopus of New Zealand, 
and /chthyoscopus, ranging from India to Japan; there is but a single dorsal fin; the 
latter genus agreeing with the true stargazers in having bony plates: on the head, 
whereas in the former the whole head is invested in a smooth skin. ‘The Indian 
T. inermis attains a length of two feet, and is stated to live in the mud. 

The common English weaver or stingbull (Zrachinus draco) 
shown in the lower figure of the illustration on p. 2743, is the best- 
known representative of the typical genus of the second subfamily, in which the 
eyes are more or less lateral in position, the ‘lateral line continuous, and the hinder 
part of the premaxillary bone devoid of an enlarged tooth; the dorsal fins being one 
or two in number. In this particular genus the cleft of the mouth is very oblique; 
the eyes have an upward inclination; the cycloid scales are very small; and there are 
villiform teeth both in the jaws and on the bones of the palate. Of the two dorsal 
fins, the first is very short and furnished with six or seven spines; andthe lower 
rays of the pectorals are simple. In the head both the preorbital and preopercular 
bones are armed. ‘The weavers have a somewhat peculiar geographical distribu- 
tion, being found in the European seas, but unknown on the Atlantic coasts, 
-although reappearing in Chilian waters. In the British seas they are repre- 
sented by the greater weaver (7. dvace), frequently measuring about a foot in 
length, and the lesser weaver (7: vifera), which seldom exceeds six inches. YVarrell 
writes that ‘‘ the great weaver generally measures about twelve inches in length, 
but has been known to attain seventeen inches; its food is the fry of other fishes, 
and its flesh is excellent. It swims very near the bottom, is sometimes taken in 
deep water by the trawl net, and occasionally with a baited hook attached to deep- 
sea lines. When caught it should be handled with great caution. I have known, 
says Mr. Couch, three men wounded successively in the hand by the same fish, and 
the consequences have been in a few minutes felt as high as the shoulder. Smart 
friction with oil soon restores the part to health, but such is the degree of danger, 
or apprehension of it rather, arising from wounds inflicted by the spines of the 
weavers, that our own fishermen almost invariably cut off the first dorsal fin and 
both opercular spines before they bring them on shore.’’ The poisonous secretion, 
which is a modification of the ordinary mucus, is lodged in a deep double groove 
in the spines of the dorsal fin and gill cover. There are numerous other genera of 
the subfamily, among which the above-mentioned Aathydraco is noteworthy as be-- 
ing a deep-sea fish. | | 

The third subfamily —regarded by many writers as a distinct 
family under the name of Lat/ide —has been long known by the 
genera Latilus and Pinguipes from various tropical and subtropical seas, and is char- 
acterized by the body being covered with small scales, the lateral position of the 
eyes, the continuous lateral line, and the presence of a large tooth on the hinder 
part of the premaxillary benes. Especial interest attaches to the group, on account 
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of the discovery of a new member off Noman’s Land, Massachusetts, in 1879, which 
received the name of tilefish (Lopholatilus chameleonticeps). An interesting ac- 
count of this fish is given by Mr. B. Phillips, who, after mentioning that the first 
example was taken by the captain of a fishing smack when working cod lines in deep 
water, goes on to observe that the tilefish was one of the most brilliantly-colored 
fishes out of the tropics, and remarkable for the presence of a soft dorsal fin, re- 
sembling that of the salmon, which is placed on the neck in advance of the regular 
dorsal fin instead of behind it, as in the salmon family. In the United States Fishing 
Report of 1881, it is stated that ‘‘there is every reason to believe that the tilefish will 
rank among the most important food fishes of the United States.’’ The fish would 
weigh from ten pounds to forty pounds, and its abundance was remarkable. It 
took the hook readily, and in an hour or two acatch of two hundred and fifty 
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TILEFISH. 


pounds of tilefish was not uncommon. As the lines used were the same as for 
cod fishing, no change of apparatus was necessary. It was then believed that this . 
new fish would singularly increase the food supply of the North Atlantic coast; but 
just when the fishermen were beginning to apply their skill to the catching of 
tilefish off the New England coast, the Lopholatilus disappeared. 

‘Two other subfamilies, distinguished by the lateral line being inter- 
rupted or stopping short of the caudal fin, are severally typified by the. 
genera Pseudochromis and Notothenia,; the former subfamily having the dorsal fin 
continuous, while in the latter it is divided. Pseudochromis and certain other genera 
include tropical fish frequenting coral reefs or coral coasts, and taking their name 
from their superficial resemblance to the members of a very different family — the 
Chromidide. ‘They differ from all the allied forms in having a bony stay connect- 
ing the preopercular pope with the infraorbital ring. 


Other Groups 


e? 


9 


2740 THE BONY FISHES AND GANOIDS 


Sort SPINES AND FROGFISHES — Families MALA CANTHID and 
BATRACHIDA 


Of these two unimportant families, the first is represented solely by the soft 
spines (J/alacanthus), and differs from the preceding family by having only ten 
trunk and fourteen tail vertebrae. The body‘is elongated, and covered with very 
‘small scales; the mouth has very thick lips; and the premaxillz have a large tooth 
behind. ‘The dorsal fin is single, and, like the anal, greatly elongated; its anterior 
portion having a few simple rays. Thére is one spine to the five-rayed pelvic fins; 
and the gill membranes are united beneath the throat, the gill cover being armed 
with a spine. Of the three tropical species constituting this genus, the one here 
figured (17. hedtz) is distributed through the Indian and Pacific Oceans, from Mau- 
titius to the Sandwich Islands; the second has a nearly similar range; but the third is 
found on the Atlantic coast of tropical America. 


HGEDT’S SOFT SPINE. 
(Two-thirds natural size.) 


Frogfishes (Batrachus) may be taken as our representatives of the 
second of the two families underconsideration. The family to which they 
belong is characterized by the distinct spinous portion of the dorsal fin, which includes 
‘a few pungent spines; while the pelvic fins have one spine and only two soft rays. 
‘The head is broad, thick, and frog-like; the body elongate, and compressed behind; 
and the skin either completely naked, or covered with small scales; the conical 
teeth being of small or medium size. The soft dorsal and anal fins are elongated, 
and the pectorals simple; the rather narrow gill opening forming a more or less — 
nearly vertical slit in advance of the latter, and the opercular bones being armed. 
An air bladder is invariably present. All the members of the family are of small 
size and carnivorous habits, living on the sea bottom and often ascending tidal — 


Frogfishes 


ANGLER FISH AND THEIR ALLIES 2747 


rivers; but, while the majority are confined to the tropics, a few range into the 
warmer parts of the temperate zones. Asa genus, the true frogfishes are charac- 
terized by the spinous portion of the dorsal fin having three strong spines, and the 
presence of several spines on the gill cover; while in many species the margins of 
the mouth, as well as other parts of the head, are provided with shining tentacles. 
Out of about a dozen species, one (2. didactylus) occurs in. the Mediterranean. Some 
of the species have a poison gland under each pectoral fin; and at Penang all the 
tribe are regarded as highly poisonous, although in Bombay their flesh is eaten by 
the poorer classes of natives. The poison gland attains its highest development in 
a species from the Pacific coast of Panama, described under the name of Zhalassoph- 
ryne, in which it is stated to be as perfect as in the venomous snakes. In this fish 
each opercular bone terminates in a long spine similar to those of the dorsal fin; 
these spines being perforated by a canal having an aperture at their base and sum- 
mit. This canal communicates with a sac containing the poisonous secretion, which 
can be made to flow out through the spine by pressure. 


ANGLER FISH AND THEIR ALLIES — Family LOPHIIDA 


Passing over one very unimportant family, our next representatives of the group 
under consideration are the angler fish and their allies; a family remarkable for their 
extreme ugliness and strange forms. Possessing the group characeristics already 
noticed, they are specially distinguished by having the spinous dorsal fin placed 
far forward on the head, and generally modified more or less completely into tenta-- 
cles, although it may be represented by isolated spines. The head and fore part of 
the body are of enormous relative size, and the teeth in the capacious mouth are’ 
either villiform or rasp-like. When present, the pelvic fins consist of four or five 
soft rays; and the pectorals are supported by a prolongation of some of the superior 
bones. The gill opening is reduced to a small aperture situated near the pectoral 
fin; and the gills themselves are either two and a half or three and a half in num- 
ber, false gills being generally absent. These fish are distributed over all seas. Dr. 
Gunther writes that ‘‘ the habits of all are equally sluggish and inactive; they are 
very bad swimmers; those found near the coasts lie on the bottom of the sea, hold- 
ing ot. with their arm-like pectoral fins to seaweeds or stones, between which they 
are hidden; those of pelagic habits attach themselves to floating seaweed or other 
objects, and are at the mercy of wind and current.’’ A large proportion of the genera 
have, therefore, found their way to the greatest depths of the ocean, retaining all 
the characteristics of their surface ancestors, but assuming the modifications by 
which they live in abysmal depths. 

The small number of species constituting the ‘typical genus 
(Lophius) of the family include its ugliest representatives, among 
these being the British angler fish (Z. pzscatorius), which also rejoices in the titles 
of fishing frog, frogfish, or sea devil. Its leading characteristics are to be found 
in the enormous size of the broad, depressed, and rounded head, near the middle of 
the upper surface of which are situated the small eyes; and the great width of the 


Anglers 


2748 THE BONY. FISHES AND GANOIDS 


cleft of the mouth, which looks like a yawning chasm. Both the jaws and palate 
are armed with rasp-like teeth of unequal size, capable of being raised and depressed 
at the will of their owner. The body is naked; the first three spines of the dorsal 
fin form long tentacles on the head; and the next three are connected; the soft 
dorsal and anal fins being of small length. Young specimens are exceedingly un- 


BARRACUDA AND ANGLER FISH. 
(One-twelfth natural size.) 


like tneir parents, having the head smaller, the tentacles branched, and most of. the 
tays of the fins produced into long filaments. ‘The whole of the few known forms 
are coast-haunting fishes, the common species ranging from the European and 
South African seas to those of the western side of North America; while a second 
is found in the Mediterranean, a third in Chinese and Japanese waters, and a fourth 
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in those of the Admiralty islands. In the British species the general color of the 
upper surface is uniform brown, becoming darker on the fin membranes; while the 
under parts, as well as the pectoral and pelvic fins, are white; the tail being dark 
blackish brown. The color is, however, subject to a certain amount of modifica- 
tion, according to the tint of the inanimate surroundings of the individual. Al- 
though commonly not more than a yard in length, specimens of this ugly monster 
have been known to measure more than five feet. In all respects the angler affords 
us an example of a creature most admirably modified and adapted for the exigencies 
of its particular mode of life. . Living on the mud or sand of a shallow sea bottom, 
the angler is protected not only by its power of adapting its own coloration to that of 
its environment, but likewise by the fringed appendages surrounding the head pre- 
senting the appearance of a mass of seaweed. ‘The structure of the paired fins ren- 
ders the fish able to walk on the sea bottom; and with these limbs it also stirs up at 
times the sand and mud to attract its prey, and at the same time to aid in concealing 
its own ugly person. Fish and other prey are also attracted by the constant 
movement of the first tentacle on the head, the summit of which terminates in 
an expanded lappet; and no sooner is the unfortunate victim well within reach, 
than it is engulfed with one snap of the capacious mouth; the erectile and 
backwardly-directed teeth preventing any chance of escape from this avernus. 
As an example of a pelagic genus of the family we select the tenta- 
cle fish (Axtennarias), so remarkable for their nest building habits. 
In these fishes the large head is elevated and compressed; the cleft of the mouth 
being quite or nearly vertical, and of only moderate width. There are rasp-like | 
teeth on the palate and jaws; the eyes are smail and lateral; the body may be either’ 
naked, or covered with granules or spines, which may be modified into tentacles: 
and the head is furnished with three tentacles very similar to those of the true - 
anglers. The soft dorsal is of moderate length, and the anal short; pelvic fins be- 
ing present. Although chiefly tropical, these fishes are often carried far into the 
temperate seas; and many of them have a most extensive range, being found alike 
in the Pacific and Atlantic Oceans. Feeble swimmers, these fishes are not unfre- 
quently to be found near the coast, where they conceal themselves beneath corals, 
' stones, or seaweed, to which they hold fast by their arm-like pectoral fins. ‘They 
have also been observed to hop over moist ground or slimy seaweed, and at times 
conceal themselves in the mud, after. the manner of the true anglers, attracting 
their prey by the movements of the first tentacle on the head, the extremity of 
which, when in motion, much resembles a worm. ‘When at sea, they have the 
power of inflating their bodies in the same way as the globe fishes. It has been ob- 
served that one of these fishes placed in a basin containing a small quantity of water 
produced so strong a current by the passage of water through its jaws, and its sub- 
sequent expulsion through the gill orifice, that a rapid rotatory motion resulted. 
“The gulf weed,’’ writes Day, ‘‘assists the migration of these fishes; during the 
winter months the prevailing winds bring to the islands of the Bermudas large 
fields as well as isolated patches of weed, on which many fishes find a home, and 
‘among them Aztennarias. Here it makes its wonderful nest, suspended by means 
of silk-like fibres, which prove strong enough to support the huge bunches of eggs 
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that hang like grape clusters within its orbicular case; and M. Vaillant has shown 
that each nest is made of one seaweed, the different twigs being brought together 
and made fast to each other by the fish by means of a pasty sort of substance 
provided by the animal itself.’’ 


A, 


THE BULLHEADS AND GURNARDS — Ramis COTTIDA 


The thirteenth family of the present section differs from all the pPeawotie! with 
the exception of the genus Pseudochromis and its allies, in the presence of a bony 
process arising from the infraorbital ring of the skull to connect it with the spine 
at the angle of the preopercular bone. In shape the body is more or less elongate 
and subcylindrical; the cleft of the mouth is transverse, and the weak teeth are gen- 
erally arranged in villiform bands. As a rule, there are two dorsal fins, of which 
the spinous is less developed than the soft; both the latter and the anal being elon- 
gated; the pectorals may be provided with filamientous appendages, and the pelvic 
pair have not more than five rays. The body may be either naked, scaled, or pro- 
tected by a single row of plate-like scales. The members of this family, which 
are arranged under a good many generic heads, are distributed over almost all seas, 
while a few inhabit fresh waters. Of comparatively-small or medium size, these 
fishes have but poorly developed swimming powers, and spend their time swimming 
or crawling at the bottom of the sea in shallow water at no great distance from the 
coast. A Japanese bullhead is stated, however, to have been dredged in five 
hundred fathoms of water. Ina fossil state gurnards referable to the existing genus. 
occur in many of the European Tertiary rocks; while remains of bullheads are met 
- with in the upper Miocene of Basle, and those of the allied extinct genus (Lepido- 
cottus), distinguished by its ctenoid scales, in the upper Eocene of Switzerland. 

The familiar bullhead or miller’s thumb (Cofttus gobio) of the 
streams of Britain and many other parts of Europe, belongs to a genus. 
containing some forty species, mostly distributed over the fiesh waters and coasts. 
of the temperate zone of the Northern Hemisphere. All are of small size, and 
characterized by the broad, depressed, and rounded heads; the subcylindrical body, 
somewhat compressed posteriorly; the absence of scales; the distinct lateral line; 
and the rounded pectoral fins, in which some or all of the rays are simple.  Villi- 
form teeth are present on the jaws and vomer, although there are none on the pala- 
tine bones. In the majority of the fresh-water species the spine on the preopercular 
bone is simple, but becomes branched in many of the marine forms. The common 
fresh-water species, which ranges over Central and Northern Europe to Northern 
Asia, seldom exceeds four or five inches in length, and is more generally found in 
small streams than in large rivers. It has a well-known habit of concealing its. 
broad and flat head beneath loose stones on the river bottom, and in this position 
will lie motionless for hours, but when disturbed swims swiftly away. Its food 
consists of the larvee of water insects and crustaceans, as well as the eggs and fry 
of other small fish. The other British representatives of the genus are all marine, 
and include the sea scorpion (C. scorfius) and father-lasher (C. dubdalis), both of 
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which are also found on this side of the Atlantic, ‘as well as two other less common 
species. The males of the common marine species are stated to build a nest of 
stones and seaweed for the reception of the spawn; and to guard and defend the 
young fry when hatched. 
On the Indian and Australian coasts the bullheads are represented by the 
so-called flat heads or crocodile fishes (Platycephalus) in which the much depressed 
head is more or less fully armed with spines, and the body covered with ctenoid 
scales; the anterior spine of the first dorsal fin being isolated from the rest, and 


COMMON BULLHEADS 
(Natural size.) 


teeth present on both the vomer and palatine bones. Day writes of these fishes 
that ‘‘the wounds from their spines are dreaded because of the violent irritation 
they occasion. Their eyes are peculiar; the iris possesses two semi-circular flaps, 
one above, the other below, the upper being usually the larger; these flaps can be 
brought close together, probably under the stimulus of light.’’ | 

Of a decidedly ugly appearance, the gurnards ( 77vig/a) are easily 
recognized by their enormous, square, and elevated heads, in which. 
the upper surface and sides are entirely bony, and likewise by the finger-like first 
three rays of the pectoral fins, which serve not only for walking on the sea bottom 
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but likewise as organs of touch. ‘There are two dorsal fins, of which the spinous 
is tall, and the soft one long, low, and similar to the anal; the tail fin being slightly 


rounded. The teeth are villiform; and the air bladder, which is generally furnished 


with lateral muscles, may be divided into two longitudinal halves. “They have been 


SAPPHIRINE GURNARDS. 
(One-fifth natural size.) 


divided into three subgenera, of which the typical one is characterized by the ab- 
sence. of teeth on the palatines, and the small size of the scales, with the exception 
of the highly modified. ones forming the lateral line, which are large, triangular, 
and spiny. The second group is distinguished by the medium size of the scales; 
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while in the third teeth are present on the palatine bones. ‘Their colors are fre- 
quently brilliant, and the fins highly decorated. The genus is represented by some 
forty species, distributed over all temperate and tropical seas, out of which no less 
than seven are found in British waters. Their flesh, which is firm and flaky, and 
of a pale orange-pink tinge, is extensively used as food. One of the best known of 
the British species is the red gurnard (7: piz7) which seldom exceeds twelve or 
fourteen inches in length, and, when freshly caught, is of a bright red color, with 
the sides and under parts silvery white, and the fins reddish white. Its food con- 
sists of crustaceans, which give the pinkish tinge to its flesh, and the spawning 
season is May or June. The sapphirine gurnard (7. hzvundo), which is the one 


ARMED. BULLHEAD. 
(Two-thirds natural size.) * 


represented in the cut, is another British species, taking ‘its Latin name from the 
length of the pectoral fins, and-its English title from the beautiful azure tint | 
_-of their inner surfaces. More abundant than the other species, this gurnard may 
reach a couple of feet in length, its general color being brownish red. A third 
British form is commonly known as the piper (7. lyra) and may be recognized by 
the unusually large size of the head, the more projecting muzzle, and the greater 
length of the spines of the gill cover. The general color is brilliant red, with the 
under parts white. It attains a length of a couple of feet, and is supposed to take 
its name from the grunting sound which, in common with other species, it emits 
when first handled, owing to the escape of air through the mouth. ‘The European 
173 


2754 THE BONY FISHES AND GANOIDS 


forms are rarely found on this side of the Atlantic, where their place is taken by 
representatives of the third subgenus. 

Two British species are figured in the colored plate, namely, the gray ete 
(7. gurnardus) above, and the streaked gurnard (7, lineata) below. 


ae, 


THE FLYING GURNARDS AND THEIR ALLIES— Family DACTYLOPTERIDZZ 


Another family of the present section is typified by the so-called Fare gur- 
nards, and is easily recognized by the investiture of the body in an armor of bony- 
keeled plates or scales. In form the body is elongate and subcyclindrical; the teeth 
are weak; and there is a bony stay connecting the preopercular with the infraorbital 
ring. These fishes are all marine, some being pelagic, and they are found in all 


_ BEAKED GURNARD. 
- (One-third natural size.) 


seas, from the Arctic Ocean to the Equator, as well as in the Southern Hemisphere. 
They are represented by an extinct genus (Petalapteryx) in the Italian middle 
Eocene. 

The curious-looking fish (4gonus cataphractus), Ss en the 
preceding illustration, is the British representative of a genus of 
small-sized fishes inhabiting the northern temperate seas and extending into the 
Arctic Ocean. ‘They are characterized by the angulation of the head and body, 
which are invested in body plates; the small size of the teeth in the jaws; the two 
dorsal fins; and the absence of appendages to the pectorals. Of the armed bull- 
head, as the British species is popularly termed, Varrell writes that it is not ‘‘un- 


Agonus 


THE FLYING GURNARDS AND THEIR ALLIES 2755 


common along the line of our southern coast, where it is well known; and the 
young of small size are frequently taken by the shrimpers in most of the sandy bays 
at the mouth of the Thames and of other rivers; on the eastern coast it is very 
- plentiful. It seldom exceeds six inches in length; its food is aquatic insects and 
crustaceans; it spawns in May, depositing the ova among stones, and its flesh is said 
to be firm and good.’’ Somewhat curiously, an outtying representative of the 
genus occurs on the Chilian coast. 

As a genus remarkable for the s singularity of their form we may 
briefly notice the beaked gurnards, of which the European representa- 
tive (Peristethus cataphractum) is shown in our illustration. These 
rather small fishes are specially characterized by the preorbital bone being prolonged 
into a flattened process projecting on each side beyond the muzzle; the whole of the 
squared head being invested in a solid bony case. Large plates of bone form the 
body armor; the dorsal fin may be either continuous or divided into two moieties, 
of which the second is the longer; there are two free appendages in advance of each 
pectoral fin; teeth are wanting, and the lower jaw is provided with barbels. These 
fishes, of which there are some ten representatives, range from the southern shores 
of Britain, through the Mediterranean and Atlantic, and likewise from the Indian 
Ocean to China and the Sandwich islands. Nowhere abundant, they are believed 
to inhabit deeper water than the gurnards, which they resemble in their general 
mode of life. 


Beaked 
Gurnards 


Of more interest than either of the preceding are the so-called flying 
gurnards (Dactylopterus) of the Mediterranean, the tropical Atlantic, 
and Indo-Pacific Oceans, since they alone share with the true flying 
fish the power of taking long flying leaps along the surface of the sea. In order to 
do this, their pectoral fins are greatly developed, assuming a wing-like form, with 
the anterior portion shorter and separated from the remainder. The upper surface 
and sides of the squared, gurnard-like head are bony; long spines are present on the 
scapular and preopercular; the body is covered with medium-sized keeled scales, 
among which there is no lateral line; and the second dorsal fin but slightly exceeds 
the first in length. Although granular teeth are present on the jaw, the palate is 
toothless. The air bladder is divided into longitudinal halves, and furnished with a 
muscle. It is only in the adult that the pectoral fins are sufficiently developed to 
enable these fishes to ‘‘fly.’’ Of the three species; the best known is D. volitans, : 
which may be commonly met with in the Mediterranean. Very similar in their 
habits to the true flying fish, the flying gurnards are more heavily built, and meas- 
ure as much as eighteen inches 1 in length. 

In this place may be noticed the curious little dragon fishes (Pega- 
sus) from the Indian, Chinese, and Australian seas, which although 
: referred by Dr. Gunther to a distinct family are included by Day in 

the present one. In these strange little fishes the broad and depressed body is 
covered with bony plates, which are movable, although those investing the tail are 
firmly welded together. ‘The narrow gill opening is situated in front of the pectoral 
fin; the gill cover is formed of a single plate, and the gills themselves are four in 
number. The single short dorsal fin is placed opposite an anal of similar size; the 
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pectorals are long, horizontal, and composed of simple rays, some of which may 
be spinous; and the pelvis comprises one or two rays, the outer one being elon- 
ite gated. Both teeth 
and an air. bladder 
are wanting. The 
figured species (P. 
natans) is an Aus- 
tralian one, and is 
less known than 
the Indian P. draco 
and the Chinese P. 
volens, dried speci- 
mens of the latter 
being familiar ob- 
jects on Chinese in- 
' sect boxes. Noth- 
ing seems to have 
been ascertained as 
to the habits of 
_ these fish, although 


AUSTRALIAN DRAGON FISH. Rta 
(Natural size.) it has been sug- 


| gested that they 
probably frequent sandy shores. With this family we take leave of the great 
Cotta-Scombriform section, as it is called, and pass on to another containing only 
two or three families. } 3 


THE LuMpsucKERS — Family CYCLOPTERIDZ 


With the lumpsuckers we come to a small section characterized by the spinous 
dorsal fin being short, and either composed of flexible spines, or much less devel- 
oped than the soft dorsal, or soft portion of the same; the soft dorsal being equal in 
extent to theanal. If present, the pelvic fins are either thoracic or jugular in posi- 
tion, with one spine, and generally five (rarely four) soft rays. ‘There is a promi- 
nent papilla in the neighborhood of the vent. In no case is there a bony stay to the 
_ preopercular from the infraorbital ring. As a family, the lumpsuckers are character- 
ized by the thick or oblong body, which may be either naked or tuberculated; the 
small teeth; and the presence of a circular adhesive disc on the lower surface of the 
chest, surrounded by a fringe of skin, and supported by the rudimental pelvic fins, 
the gill opening being narrow. All the members of the family, which are arranged 
under two genera, are carnivorous and coast-dwelling fishes, restricted to the colder 
‘seas of the Northern Hemisphere, and ranging into the Arctic Ocean. ‘They derive 
their name from their habit of attaching themselves to rocks by means of the 
adhesive disc. © | , 3 3 
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The members of the typical genus Cydopterus are ugly ‘‘lumpy”’ fishes, with 
the thick, short body covered with a viscous tuberculated skin; the large head has a 
very short, blunted muzzle; and there are rows of villiform teeth in the Jaws, but 
none on the palate. The skeleton is remarkable for its softness, owing to the small 
amount of mineral matter entering into the composition of the bones. In the British 
species (C. Jumpus), represented in the upper figure of the accompanying illustra- 
tion, the skin is so thick as to almost conceal the first dorsal fin; and in the adult 
the large rough tubercles are arranged in four longitudinal series on each side of the 


LUMPSUCKER AND VIVIPAROUS BLENNY. 
(One-third natural size.) 


~ 


body. In the young, however, these tubercles are not developed. Although these 
fishes may reach a length of a couple of feet, they do not usually measure more than 
twelve or fourteen inches. Varrell writes that ‘‘in the month of March the colors 
of the lumpfish are in the highest perfection, combining various shades of blue, 
purple,and rich orange.’’ These voracious fishes feed chiefly on the fry of other 
species. In the Arctic lumpsucker:(C. sfzmosus) there are large, conical bony 
plates, surmounted with a spine, on the head and body of the adult. In the allied 
Liparis the skin is naked, and more or less loose. 
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Tur Gosizs AND Mup SKIPPERS— Family GOBIID_Z 


The gobies and their allies differ from the preceding family in that there are al- 
ways distinct rays to the pelvic fins; although in some cases the two fins may be 
joined in the middle line. Elongated in form, the body may be either scaled or 
naked; and the teeth are generally small, but may have enlarged tusks among them. 
The spinous portion of the dorsal (whether separate or continuous with the soft dor- 
sal) is always composed of flexible spines, and shorter than the soft dorsal. ‘The 
gill opening is more or less narrowed, and there is usually no air bladder. This very 


FRESH-WATER GOBY. 
(Natural size.) 


extensive family comprises littoral fishes of small size and carnivorous habits, a few | 
of which have accustomed themselves toa fresh-water life. It contains a large 
_ number of genera, some of which are extremely numerous in species, as are the lat- 
ter in individuals; and their range includes the coast regions of all the temperate 
and tropical seas. Geologically, the group is comparatively ancient, true gobies 
dating from the middle Eocene of Monte Bolca, while the extinct genus Chirothrix 
occurs in the Chalk of the Lebanon. ef 

Familiar to all in the person of the common British species Gobzus 
niger, the gobies form a very large genus with a geographical distri- 
bution as extensive as that of the family, but especially well represented in tropical 
and subtropical seas, no less than forty different kinds being recorded from those of 
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India alone. These fishes have the body generally scaled; two dorsal fins, of 
which the first is usually furnished with six flexible spines; the pelvic fins united 
to form a disc, which, however, is at most only partially adherent to the abdomen; 
the teeth in more than a single row; and the vertical gill opening of moderate width. 
The form of the body is subject to considerable specific variation; and in some 
forms the head, and in others a part or even the whole of the body is devoid of 
scales. In some cases there may be barbels or warts on the head, and in others a 
crest on the occiput. There are likewise considerable differences in the dentition, 
some species having large tusks among the ordinary teeth. The gobies, of which - 
there are several British marine species, are especially partial to rocky coasts, where 
they protect themselves against waves and storms by adhering to rocks by means 
of the sucker formed by their modified pelvic fins; many of them being often found 
in the swirl of the retreating waves. Some, however, prefer brackish estuaries or 
lagoons, while others again, like the Russian species (G. fluviatilis) represented in 
our illustration, are exclusively fresh water. In many of them the male constructs 
a nest in which the spawnis hatched. In the case of the spotted goby, or polewig 
(G. minutus)—a species found for some distance up the Thames—the male when 
in tidal pools, generally chooses one of the shells of a cockle or some other bivalve 
for its nest; the shell being placed on the sand with its concave surface downward, 
beneath which the sand is hollowed out and cemented by a special mucilaginous 
secretion from the skin of the fish; a cylindrical tunnel giving access to the nest, 
and the whole structure being covered over with loose sand. ‘The female having 
deposited her eggs, which are fixed to the shell, in this nest, the male mounts 
guard over them, maintaining his watch during the whole period of incubation, 
which lasts from six to nine days. A European goby (Latrunculus pellucidus) 
belonging to a distinct genus, and characterized by its translucent body, is 
almost peculiar among vertebrates in that its span of life is of only a year’s 
duration. In June and July the spawn is deposited, the eggs are hatched in 
August, while in the late autumn or winter the fishes become fully mature; these, 

however die off in the following July or YEN so that in Sig deliics only the fry 
are to be met with. 

Omitting all mention of a number of more or fess nearly-allied 
genera, our next representatives of the family are the mud skippers 
(Periophthalmus) remarkable not only for the peculiar physiognomy given them 
by their conspicuous eyes, but likewise on account of their strange habits. These 
fishes, which frequent the coasts and estuaries bordering the Indo-Pacific Ocean, 
and likewise reappear on the shores of West Africa, take their name from their 
- prominent eyes, which are set close together somewhat below the line of the profile, 
and are not only capable of protrusion and retraction but are furnished with a well- | 
developed outer eyelid. The elongate body is covered with cycloid or slightly 
pectinated scales, extending on to the bases of the pectoral fins; the cleft of the 
mouth is nearly horizontal, with the upper jaw projecting somewhat beyond the 
lower, and the conical teeth are vertical. ‘The first dorsal fin includes a variable 
number of flexible spines; the base of the pectorals are muscular; the pelvic fins 
are united for a portion of their length; and the caudal fin has its lower border 
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obliquely truncated. The species here figured (7. koelreutert) has a wide range, 
being found in the Red Sea, the seas and on the coast of India, where it ascends 
tidal rivers and estuaries, as well asin the Andamans, the Malay Archipelago, and 
the islands of the Pacific. Concerning their habits, Day writes that ‘‘ these fishes, » 
from the muscular development at the base of the pectoral fins, are able to use 
them for progression on mud or for climbing, It is a most curious sight to see 
£. schlossert along the side of the Burmese rivers; at a distance the fishes appear like 
large tadpoles, stationary, contemplating all passing objects, or else snapping at 
flies or other insects; suddenly, startled by something, away they go with a hop, 
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MUD SKIPPERS DISPORTING. 
(Two-fifths natural size. ) 
(After Hilgendorf.) 


skip, and a jump, either inland among the trees or on the water like a flat stone 
cr a piece of slate sent skimming by a schoolboy. ‘They climb on trees and 
large pieces of grass, leaves, and sticks. holding on by their pectoral fins exactly as. 
if these were arms. Now and then they plant these firmly as organs of support, 
the same as one places one’s elbows on a table, then they raise their heads and take 
a deliberate survey of surrounding objects.’’ Of certain allied species, which he 
places in a genus apart, the same writer remarks that they are essentially mud-. 
dwelling fish, and that if placed in a vessel of deep water they appear to be rapidly 
drowned. In all, the remarkable prominence of the eyes is more or less completely 
lost after death. On the slimy banks of the small affluents of the Hughli near 
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Calcutta, where the writer has often watched their SPaee habits, these fishes may 
be seen in hundreds. 

Concerning the precise systematic position of the beautifully-col- 
ored fishes commonly known as dragonets (Callionymus) there is 
some difference of opinion; Dr. Giinther: placing them with the gobies, whereas. 
Day, on account of the wide separation of the pelvic fins (which in the latter and 
their near allies either form a disc or are very close together), refers them to a sepa-. 
rate family. Be this as it may, these fishes, in addition to the feature already 
mentioned, are characterized by the head and anterior portion of the naked body: 
being depressed, while the remainder is cylindrical. The pointed mouth has a 
narrow horizontal cleft, and a very protractile upper jaw; the large eyes have a 
more or less upward direction; small teeth are present on the jaws, but none on the 
palate; and there is a strong spine at the angle of the preopercular. Of the two. 
dorsal fins, the foremost has from three to four flexible spines; the pelvics are five 
rayed; and the gill opening is very narrow, and generally reduced to a perforation. 
on the upper border of the gill cover. There is a large amount of sexual difference 
among the dragonets, the adult males having the fin rays produced into filaments. 
and the intervening membranes brightly colored, whereas the females wear a 
much more sombre livery ; and it is due to this variation that-there were long 
supposed to be two British representatives of the genus, namely, the gemmeous, 
and the sordid dragonet ; the former being the male and the latter the female. In 
the adult male of the common dragonet (C. /yra) the first dorsal spine is greatly 
elongated ; the general color of the smooth skin being yellowish, beautifully 
banded and spotted with lilac; the first dorsal fin bearing several lilac spots, and. 
the second having lilac bands. In length, the male measures about ten inches. 
The yellow scalpin, as the male is called in some parts of Britain, is generally found 
in comparatively deep water, whereas the female often approaches the margin of the 
tide. Both sexes feed on mollusks and other hard-shelled creatures, as well as on 
worms. Out of some thirty representatives, the majority are inhabitants of the 
coast regions of the temperate zone of the Old. World, although a few are found in. 
the Bs Pacific. 
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THE BLENNIES AND THEIR ALLIES — Families CEPOLIDZ, BLENNIID, etc. 


The well-known blennies, together with five less important families, constitute. 
a sectional group of spine-finned fishes, all of which may be treated under one 
heading. Asa group, these fishes are characterized by the body being in general 
_ more or less nearly cylindrical in form ; the dorsal fin is elongated, and its spinous. . 
portion, if distinct, is also long, being ee to or even exceeding the soft part in 
length, while occasionally the whole fin may be spiny ; the anal is also more or less. 
elongate; the pelvics, when present, are thoracic or jugular in position ; and the 
caudal fin, which may be absent, is rounded or somewhat truncated. 

The first family of the group (Cefolide) is represented by the small marine 
band fishes, of which one BPRS ( Cepola rubescens) is a casual visitor:to the British 
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coasts. ‘The essential characteristics of these fishes are to be found in 
the elongate and band-like form of the body; the presence of one spine 
and five soft rays in the thoracically-placed pelvic fins; and the absence of spines in 
the single dorsal and anal fins. The eyes are rather large and lateral, the teeth of 
moderate size, and the caudal vertebrze unusually numerous. While the majority 
of these fishes are confined to the northern temperate seas, a few extend into the 
Indian Ocean and as far south as Penang. 

The remarkable fishes known as hairy backs constitute another 
small family ( 7vichonotide) distinguished from the last by the jugular 
position of the pelvic fins, which are in front of: the -pectorals; there being one or 
two spineless dorsal fins, an elongate anal fin, which is also spineless, and no papillee 
in the neighborhood of the vent. ‘The typical genus is represented by a single spe- 
cies ( Trichonotus setiger) from the Oriental seas, characterized by the first few rays . 
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of the single dorsal fin being isolated and more or less elongate, and likewise by the 
lower jaw exceeding the upper in length. The New Zealand thorny nose (Heme- 
vocoétes acanthorhynchus) represents a second genus, differing from the last by all 
the rays of the long dorsal being in juxtaposition, by the upper jaw being longer 
than the lower, and the presence of horny processes on the muzzle. ‘These fishes 
are not unfrequently found floating on the surface of the ocean at a considerable 
distance from land. , vrats® 
The most remarkable representatives of a third small family 
(Chiride) of this group constitute the genus Chirus, which is peculiar 
in having several lateral lines, the number of these varying in the different species. 
The family differs from the two preceding ones in that there is a bony stay connect- 
ing the preopercuiar with the infraorbital ring; while it is further distinguished by 
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the single dorsal having its spinous and soft portions of nearly equal length; the 
anal being nearly equal in length to the soft dorsal, and the pelvics thoracic in 
position, with one spine and five rays. The compressed and oblong body is scaled, 
the cleft of the mouth lateral, and the teeth are weak. All the members of the 
family are small littoral fishes, inhabiting both sides of the Northern Pacific; the 
figured species ( Chirus hexagrammus) being from Japanese waters. In the other 
genera the lateral line is single. 

The fourth family of the group (Blenniida) i is much more extensive 
than either of the others, comprising a considerable number of genera, 
some of which are rich in species. The family agrees with the hairy backs in the 
jugular position of the pelvic fins, which, when present at all, are composed of a 
very few soft rays. In the anal fin, the spines are few or wanting, and there is 
very generally a papilla in the neighborhood of the vent. The low and elongate 
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body is more or less cylindrical in form, and either naked or covered with scales, 
which are generally of small size. The dorsal fin, which may be either single, dou- 
ble, or triple, occupies nearly the whole length of the back; and when it has a dis- 
tinct spinous portion, this is at least as much developed as the soft part, while in 
some instances .the whole fin may be spiny; the anal being elongate. In most cases 
false gills are present.’ All the marine members of the family are littoral forms, and 
the majority are of small size, while some are among the smallest of all fishes. 
They are abundant throughout all tropical and temperate seas; and whereas some 
forms inhabit brackish water, others are exclusively fresh water. Dr. Giinther 
writes that ‘‘ one of the principal characteristics of the blennies is the ventral [pel- 
vic] fin, which is formed by less than five rays, and has a jugular position. The 
blennies have this in common with many gadoids [cod tribe], and it is sometimes 
difficult to decide to which of these two families a fish should be referred. In such 
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doubtful cases the presence of the pseudobranchize (which are absent in gadoids) 
may be of assistance. In many blennies the ventral fins have ceased to have any 
function, and become rudimentary, or even entirely absent. . In others, the ventral 
fins, although reduced to cylindrical stylets, possess a distinct function, and are used 
as organs of locomotion, by the aid of which the fish moves over the bottom.’’? The 
family is not definitely known in a fossil state, aeneuen it may be represented by 
an extinct genus in the Monte Bolca Eocene. } 

The blennies of the typical genus Blennius, of which there are some forty spe- 
cies, are found in the northern seas, the tropical Atlantic, the coasts of Tasmania, 
and the Red Sea. They are characterized by the moderate elongation of the naked 
body, the short snout, the single continuous dorsal fin, and the presence of one spine 
and two rays in the pelvics. The cleft of the mouth is narrow, the jaws contain a 
_ single series of fixed teeth, behind which there is generally one larger curved tooth, 
at least in the lower jaw. Above each eye is the longer or shorter tentacle, and the 
gill opening is relatively wide. Among British species we have the eyed blenny 
(ZB. ocellatus) distinguished by the dark spot on the elevated spinous portion of the 
dorsal, the smooth blenny or shanny 2. pholis, and the large 2B. gattorugine, which 
may grow to a foot in length; while as an example of a species living in inland lakes 
we may cite the fresh-water blenny (2. vulgaris) of Southern Europe. Most can 
be readily accustomed to a fresh-water life, and many of the marine species attach 
themselves to floating objects, while some are found far out at sea among the 
patches of drifted seaweed. In the Indian seas the blenniesare repesented by seven 
more or less closely-allied genera, in one of which (Xzphasia) the poy is band-like, 
and the caudal fin continuous with the dorsal and anal. 

The fish (Zoarces viviparus) of which two examples are represented 
in the lower part of the illustration on p. 2757, is one of two species 
of a genus remarkable for producing living young. With an elongate 
body, rudimental scales, and conical teeth in the jaws, these fish have an extremely- 
elongated dorsal fin, separated from the caudal merely bya depression formed by a 
series of spines much shorter than the rays; these spines being the only ones through- 
out the fins. The pelvic fins are composed of three or four rays; and the long anal 
fin is continuous posteriorly with the caudal. The gill openings are wide. While 
the figured European species, which is not uncommon on the British coasts, does not 
exceed a foot in length, its Transatlantic cousin (2. axguzllaris) may measure two 
_ or three times asmuch. The fry, which at birth are perfectly transparent, and form 
beautiful objects for the microscope, are so fully developed as to be able at once to 
swim freely on leaving the body of the female parent. Before their birth the female 
becomes so distended, that at the slightest pressure the young are extruded; these 
frequently being from two to three hundred in number, and always making 
their appearance in the world head first. The general color of the adult fish is pale 
brown, with the dorsal fin and the upper parts mottled and barred with darker 
brown. 
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Kasily recognized by the powerful tuberculated and molar-like teeth 
| with which their mouths are armed, the wolf fishes (4Axarrhichas) 
may be regarded merely as gigantic ;and somewhat specialized blennies. In this 
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genus, which is represented by a small number of species from the northern seas of 
both the Eastern and Western Hemispheres, the elongate body is covered with rud- 
imental scales; the muzzle is rather short and the cleft of the mouth wide; and the 
jaws are armed with strong conical teeth, those of the latteral series. carrying several 
pointed cusps, while a double row of large molar-like teeth runs down the middle 
of the palate. The long dorsal fin has flexible spines, and there is a distinct cau- 
dal, but the pelvic pair are quite wanting. The gill opening is wide. The common 
wolf fish (A. /upus) often known as the sea wolf or sea cat, like two allied species, 
ranges as far north as Norway and Greenland; in both of which countries its flesh 
forms a staple article of food. 

The fifth family (Acanthoclinide) of the section under consideration 
is represented only by the New Zealand oblique-spined blenny (Acan- 
thoclinus littoreus), shown in the annexed illustration, and is charac- 
terized by the elongate, low, compressed, and scaly body, the single dorsal fin — 
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(Natural size. ) 


‘chiefly composed of spines— occupying nearly the whole length of the back, and 
the comparatively-long and many-spined anal; the pelvic fins being jugular in posi- 
tion, and consisting solely of a few soft rays. On the coasts of New Zealand this 
blenny is stated to be a very common fish; its habits being probably similar to those 
of its European cousins. 

The so-called spiny eels of the Oriental region and West i iies form 
a family (RAynchobdellid) affording an interesting example of paral- 
lelism in development, since these spiny-finned eels are an exact analogue of the 
true soft-finned eels. They are characterized by the elongate eel-like form of 
the body; the long dorsal fin, of which the anterior portion consists of short isolated 
spines; and the absence both of pelvic fins and of a papilla in the neighborhood of 
the vent. The gill opening forms a slit on the side of the head; four gills are con- 
tained in the gill chamber, and there are no false gills. An elongated movable 
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appendage forms the termination of the muzzle, and although the lower jaw is long, 
it has but little power of motion. As an especial peculiarity of these fishes, we may 
notice that in the skeleton there is no connection between-the pectoral girdle and 
the skull. ‘he air bladder is present. The Species (Mastacembelus armatus), 
shown in the upper figure of the accompanying illustration, is one of the Indian repre- 
sentatives of a genus characterized by the smooth under surface of the appendage 
of the snout, and the presence of a preorbital spine. The members of this genus 
have a geographical distribution, coextensive with that of the family, being found 
in the brackish and fresh waters of West Africa, India, Ceylon, Burma, and the 
Malayan region. On the other hand, the genus Rhynchobdella, characterized by 
the striation of the lower surface of the nasal appendage, and the lack of a spine in 


INDIAN. SPINY EEL. _ BAIKAL, OIL, FISH. 
(One-third natural size.) (One-half natural size. ) 


front of the eye, is confined to India and Burma, where it is represented by FR. acu- 
leata, which grows to a length of about fifteen inches, and is found in the deltas of 
all the larger rivers, generally preferring muddy pools. The figured species. is, 
however, of larger size, reaching a couple of feet in length. The flesh of aN the 
spiny eels is stated to be of excellent quality for the table. 

The fish represented in the lower portion of the above illustra- 
tion, known as the Baikal oil fish (Comephorus batkaiensis), is the only 
representative of a genus in regard to the systematic position of which there is con- 
siderable doubt; Dr. Giinther regarding it as indicating a distinct family which he 
_ at one time placed in the neighborhood of the oblique-spined blenny, and afterward 
near the flying gurnards. In this fish the body is elongate and naked, the head 
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large with a produced muzzle, medium-sized lateral eyes, and small teeth. There 
are two dorsal fins, of which the first is much shorter than the second, which is sim- 
ilar to the anal; the pelvic fins are wanting, and there.is no papilla near the vent. 
The gill opening is wide; there are four gills, and no air bladder. The skeleton is 
very soft, and the elements of the gill cover are not distinctly differentiated. In 
color this strange fish is uniformly greenish, and its pectoral fins are remarkable for 
their large size. While the oil fish presents some resemblance to the dragonets, it 
differs by the compressed body, the large, broad-snouted head, the elongation of 
many of the rays of the second dorsal fin, the large pectorals, the absence of pelvic 
fins, and the forked tail. So far as present information goes, the oil fish is confined 
to Lake Baikal, where in winter it retires to the greatest depths, but approaches the 
shore in the warmer months. Swimming with remarkable speed, it is enabled by 
the length of its pectorals to take considerable leaps above the surface of the water, 
and thus approaches the flying fish. During stormy weather great numbers of these 
fishes are frequently stranded, when they are collected by the natives for the pur- 
pose of extracting the oil from them. 


BARRA CONS, ATHERINES, AND GRAY MutLers — Families SPHYRANIDZ, 
ATHERINID#, and MUGILID£ 


Following Dr. Giinther’s Soc ee three families form a sectional . 
group differing from those we have been considering by the position of the pelvic 
fins which are abdominal, and have one spine and five soft rays. The two dorsal . 
fins are situated more or less remote from one another, the first being either short, 
like the second, or composed of weak spines.’ 

The large and ferocious fishes commonly own as barracudas 
(Sphyrena), of which a species (S. vulgaris) is shown in the upper 
: figure of the illustration on p. 2748, are the sole existing representa- 
tives of the first family, which is distinguished by the elongated and subcylindrical 
form of the body, the large cutting teeth, the continuous lateral line, and the pres- 
ence of only twenty-four vertebre in the backbone. ‘The scales are small and 
cycloidal; the cleft of the mouth is wide; and the medium-sized eyes have a lateral 
position. Represented by something less than a score of species, barracudas are 
distributed over all temperate and tropical seas, but generally. prefer the neighbor- 
hood of the coast of the open ocean. ‘They are all carnivorous and fierce in their 
disposition, and since they frequently grow to six or eight feet in length, they are 
as much or even more dreaded by bathers in seas where they are more common than 
sharks. They are extensively caught for food, but in some instances, from their 
having fed on poisonous kinds of fish, their own flesh becomes impregnated with 
the venom. Moseley writes that ‘‘there is a great fishery at the Cape, of a fish 
called snook, a kind of barracuda, which is: salted and dried, and sent mainly to 
Mauritius for sale. ‘The snook boats were always to be seen about in the bay. 
The fish are caught with a hook and line while the boat is in motion. | The fisher- 
men are especially careful not to get bitten by the fish.as they haul them in, wounds 
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caused by their bite being said to fester in a violent manner, as if inflamed.”’ 
Fossil barracudas occur in the middle Eocene of Monte Bolca; while in the 
Cretaceous rocks of the Lebanon and Brazil the family is represented by the extinct 
genus Cladocyclus. | 

The second family of the group under consideration is typically 
represented by the so-called sand smelts; one of the two British 
species (Atherina hepsetus) being shown in the left figure of our illustration. Asa 
family, the Azherinide are distinguished from the barracudas by the indistinct 
lateral line; the feeble or moderately-developed dentition, and by the number of 
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SAND SMELT AND CUVIER’S SQUARE ‘TAII,. 
(One-half natural size.) 


vertebrze being usually in excess of twenty-four. The ‘body is more or less 
elongate, with but slight compression. In the sand smelts the scales are smooth 
and cycloid, and the teeth minute; the first dorsal fin is short and completely 
separate from the second; and the muzzle is blunt, with the cleft of the mouth 
straight, oblique, and extending at least as far back as the line of the border of the 
eye. These fish derive their popular title from their resemblance to the true smelts, 
from which they may be distinguished at a glance by the small spinous first dorsal 
fin. While the majority are coast fishes, associating in large shoals, others are 
fresh-water, although these also retain the same habit. ‘The genus has a wide 
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distribution in temperate and tropical seas, some of the species ranging from 
Eastern Africa to India. Atherines are very abundant in the Mediterranean, 
where the fry cling together for some time after hatching in enormous masses. 
Montagu writes that these fish are caught in great abundance on the south coast of 
Devonshire ‘‘ in the creeks and estuaries, but never in rivers above the flow of the 
tide; and they appear to continue near shore through the months from autumn to 
spring, being caught for the table more or less during the whole of that time, but 
are greatly superior in spring, when the males are full of milt as the females are of 
roe.’’ The British species seldom exceed six inches in length, and, like the other 
members of the genus, are marked by a broad silvery stripe along each side of the 
body. On the coasts and in the fresh waters of Australia, the sand smelts are 
represented by Atherinichthys, in which the muzzle is longer, and the cleft of the 
mouth usually shorter. 

The curious Mediterranean and Atlantic fish known as Cuvier’s 
square tail ( Zetragonurus cuviert), shown on the right side of our il- 
lustration, is the sole member of a genus characterized by the somewhat elongate 
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COMMON GRAY MULLET. 
(One-sixth natural. size.) 


body being covered with strongly-keeled and striated scales; and by the first dorsal 
fin being composed of a number of short spines, and continuing to the second. The 
elevated lower jaw has a convex upper border, bearing a single series of rather small 
compressed and triangular teeth. Of the habits of this scarce fish nothing: definite 
seems to be known; although in the young state it is found in company with float- 
ing jellyfish. At a later period of its existence it probably descends to a consid- 
erable depth during the day, and comes to the surface only at night. It grows toa 
foot and a half in length. 

From the two preceding families the gray mullets, which constitute 
the third family of the group under consideration, may be distin- 
guished by the total absence of a lateral line, the presence of only four stiff spines 
in the first dorsal fin, and the limitation of the number of vertebre in the skeleton 
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to twenty-four. ‘The more or less elongate and somewhat compressed body is cov- 
ered with cycloid or slightly ctenoid scales of moderate size; the cleft of the mouth » 
is small or medium; the teeth are feeble or wanting; the lateral eye is of moderate 
size, and the gill opening wide. In some species there may be a fatty lid to the eye. 
The gray mullets (Zugil), of which thereis a very large number of species, are 
distributed over all temperate and tropical coast regions, frequenting brackish-wa- 
ter estuaries, and in some cases ascending rivers for considerable distances. Feed- 
ing chiefly upon the animals and orgahic matter found in sand and mud, these fishes 
have a special straining apparatus in the pharynx for the purpose of preventing ob- 
jects of too large size from entering the stomach, or foreign substances getting into 
the gill chamber. It will be unnecessary to describe the structure of this apparatus 
_ here; but it may be mentioned that after triturating a mouthful of sand or mud be- 
tween the pharyngeal bones, in order to extract such nutriment as it may contain, 
the gray mullets reject the mineral part of it. Another peculiarity is to be found 
in the structure of the cesophagus and stomach, the former being lined with long 
thread-like papillze, while the latter has its second portion furnished with muscular 
walls like the gizzard of a bird, although it is not divided into two lateral halves. A 
fossil species of gray mullet has been described from the upper Eocene of Provence, 
and an extinct genus from the Cretaceous. Our figure represents the common gray 
mullet (JZ. capito), one of several species frequenting the British coasts. Although 
this mullet only grows to a weight of about four pounds, some of the foreign spe- 
cies may scale three times as much. ‘This mullet has been kept in a fresh-water 
pond, where it seemed to thrive better than in the sea. The flesh of all the 
gray mullets is of good quclity, but bears no comparison to that of their red name- 
sakes. : 


GAR PIKE AND FLYING FisH— Family SCOMBRESOCIDZ 


In this place may be noticed a family in regard to the serial position of which 
there is some difference of opinion, Dr. Giinther placing it among the tube-blad- 
dered fishes, while Professor Cope considers that its true position is here. ‘The in- 
clusion of the group among the tube-bladdered fishes utterly spoils the definition of 
that suborder, since in those members of the present family provided with an air 
bladder that organ lacks a duct. Itis true that the fins of the flying fishes and their 
allies are less spiny than those of the more typical representatives of the suborder 
under consideration, but, as we have seen, this characteristic is one of but slight 
morphological value. Agreeing with the preceding section in the abdominal posi- 
tion of the pelvic fins, these fishes differ from those yet described, with the excep- 
tion of certain perches, in the union of the lower pharyngeal bones; while they are 
further characterized by the absence of a spinal dorsal fin, and the deeply-forked 
caudal. The single dorsal is situated opposite to the anal fin in the caudal region, 
the air bladder is generally present, the false gills are hidden and glandular, and the 
simple stomach merely forms a dilatation of the intestinal tract. Although the ma-- 
jority of the members of this family are marine, some being pelagic, a few have 
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taken to a fresh-water existence; and while many of the latter are viviparous, the 
whole of the others deposit eggs in the usual manner. Distributed over all the tem- 
perate and tropical seas, these fish ate strictly carnivorous in their habits. Geolog- 
ically, the family is a comparatively ancient one, the gar pike being represented by 
an extinct species in the Sicilian Miocene, and by an allied extinct genus in the 
Eocene of Monte Bolca, while a fish nearly allied to the living fying fishes occurs in 
the Cretaceous rocks of the Lebanon. 

In North America it appears that the name ‘‘gar pike’’ is applied 
indifferently to a member of the present family, and to the very dis- 
tinct fish also known as the bony pike; but in scientific nomenclature it will be 
better to confine the term to the members of the present genus. Gar pikes are rep- 
resented by nearly fifty species from temperate and tropical seas, among which the 
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figured one (Belone vulgaris) is common on the British coasts, likewise ranging 
over the whole of the seas of Northern Europe. As a genus, these fishes are easily 
recognized by the production of the jaws into a long slender beak, formed in the 
upper one exclusively by the premaxillary bones; while they are further character- 
ized by the whole of the rays of the dorsal and anal fins being connected by mem- 
brane. The beak is, however, only developed in the adult, very young specimens 
having the jaws of normal form; and it is not a little remarkable that during their 
development the lower jaw becomes for a time much longer than the upper one. 
Both jaws are beset with a number of rugosities, and likewise with a series of long, 
conical teeth placed at considerable intervals. A peculiarity of these fish is to be 
found in the green color of their bones. Whereas the British species does not ex- — 
ceed a couple of feet in length, some of the foreign representatives of the genus may 
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grow to as much as five feet. Dr. Giinther writes that, skimming along the surface 
of the. water, the gar pike seize with their ‘‘long jaws small fish, as a bird would 
seize them with its beak; but their gullet is narrow, so that they can swallow small 
fish only. They swim with an undulating motion of the body; but although they 
are in constant activity, their progress through the water is much slower than that 
of the mackerels, the shoals of which sometimes appear simultaneously with them 
on our coasts.’’ Frequently they may be seen leaping out of the water over small 
floating objects in sportive play, and when struck. by the hook throw themselves 
above the surface in violent contortions. The saury or skipper (Scombresox 
saurus) is the British representative of a much smaller genus, differing from the 
gar pikes by the minute size of the teeth, and likewise by the presence of a number 
of small finlets behind the dorsal and anal fins. On the other hand, the half beaks 
(Hemirhamphus), some of which inhabit fresh water, have the lower jaw larger 
than the upper throughout life. ; ; 

Perhaps few sights are more pleasing during a long sea voyage in 
an ocean steamer than to stand in the bows and to watch -the flying 
fish rising— sometimes singly, but more frequently in larger or smaller shoals— 
from beneath the vessel to take their beautiful flight over the crest of the waves, 
till they once more disappear from view beneath the deep blue waters. Represented 
_by more than forty species from tropical and subtropical seas, the flying fishes, of 
which the common species (/xocetus evolans) is shown in the illustration on p. 
2682, form a genus which may be at once recognized by the great length of the pec- 
toral fins. ‘They are further characterized by the blunt and short-jawed head, and 
the moderately long oblong body invested in a coat of rather large-sized scales; the 
teeth, when present at all, being minute or rudimental. The ordinary length of a | 
flying fish is from ten inches to a foot, although specimens are occasionally met 
with half as long again; and whereas the common form ranges round the world, the 
distribution of some other species is extremely restricted, one being recorded only © 
from the seas on the Pacific side of the Isthmus of Panama. The species differ 
considerably in the length of the pectoral fins; those in which they reach to the tail 
fin being capable of taking the longest flights, whereas in some others they do not ex- 
tend beyond the anal. Associating in shoals, which are sometimes of immense size, 
all these fish are pelagic in their habits, and all are capable of taking the skim- 
ming flight from which they derive their name. ‘That these fish take their flights 
primarily to escape from their enemies may be regarded as certain; and it is equally 
well ascertained that the continuance of the flight is due to the original impetus 
of the leap from the water, and is not prolonged by any flapping of the fins. From 
my own observations I am, however, of opinion that the pectoral fins are vibrated 
rapidly on first leaving the water for a few seconds, doubtless from a continuation 
of the swimming motion while in the water, after which they become entirely 
motionless. During flight, the color of these fins may appear either white:or brown, 
when seen from above, according to the. incidence of the light. So far as I have 
seen, -flying fish are unable to change the direction of their course to any marked 
extent; but on this point, as will be seen from the two following accounts, there is 
some difference of opinion among observers. The first of these two accounts is 
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abridged by Dr. Gunther from one published by Dr. Mobias, and runs as follows: 
‘“‘Flying fish are more frequently observed in rough weather and in a disturbed sea 
than during calms; they dart out of the water when pursuéd by their enemies, or 
frightened by an approaching vessel, but frequently also without any apparent 
cause, as is also observed in many other fishes; and they rise without any regard to 
the direction of the wind or waves. ‘The fins are kept quietly distended, without 
any motion, except an occasional vibration caused by the air whenever the surface 
of the wing is parallel with the course of the wind. ‘Their flight is rapid, but 
gradually decreasing in velocity, greatly exceeding that of a ship going ten miles 
an hour, and extending to a distance of five hundred feet. Generally, it is longer 
when the fish fly against than with, or at angle to the wind. Any vertical or hor- 
izontal deviation from a straight line is not caused at the will of the fish, but by 
currents of the air; the fish retaining a horizontally straight course when flying 
with or against the: wind, but being carried to one side whenever the direction of 
the latter is at an angle to that of their flight. It may, however, happen that in 
the course of its flight a fish may dip its tail in the crest of a wave, thus changing 
its direction to the left or right. In calm weather the line of flight is always also 
vertically straight, or rather parabolic, like the course of a projectile, but in a 
rough sea, when the fish are flying against the course of the waves, it may become 
undulating. In such instances the flying fish frequently overtop each wave, being 
carried over by the pressure of the disturbed air. Flying fish often fall on board 
vessels, but this never happens during a calm, or from the lee side, always taking 
place in a breeze and from the weather side. In the daytime they avoid a ship, 
flying away from it; but, during the night, when they are unable to see, they fre- 
quently fly against the weatherboard, where they are caught by the current of air, 
and may be thus carried to a height of some twenty feet above the surface of the 
water.’’ In the second account, which was published many years ago in Land and 
Water, the author writes that in calm weather flying fish ‘‘are capable of clearing 
three hundred yards. Their flight is frequently extended to double the distance by 
simply skimming the surface, as a swallow does a pool, and without disappearing. 
I have observed that they never touch the surface more than twice consecutively, 
though they may resume their flight after a period of complete immersion; while 
still in the air, they readily change their course to right angles with their first line 
of flight, or even completely reverse it toward the point from which they originally 
started. I have watched them for hours through a powerful double glass, as they 
rose from either side of the bows of the ship, and noticed that the pectoral fins are 
moved with a slight but very rapid quivering motion, which, I have no doubt, 
assists to sustain them in the air. In rough weather the flight of the flying fish is 
more rapid, much higher, and of shorter duration than when light winds prevail.”’ 
This account confirms my own observations as to there being a vibratory motion of 
the pectoral fins when first leaving the water, although the writer is Sra in- 
correct in his supposition that this assists the flight. 
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STICKLEBACKS, FLUTEMOUTHS, AND TRUMPET FisH — Families GASTRO- 
STEIDA, AULOSTOMATID, and CENTRISCIDz 


Although the third of the above-named families is regarded by Dr. Giinther as 
forming a group apart, we may follow Day in placing the whole three in a single 
section, characterized by the spinous dorsal fin, when present, being either short or 
formed of isolated spines, and by the: generally abdominal position of the pelvic 
fins, which in some instances are imperfectly developed. 

Familiar to every home-born Englishman as the fish upon which, in 
common with minnows, he made his first experiment in angling with 
the aid of a bit of twine, a bent pin, and a worm, the sticklebacks have the honor 
not only of representing a geuus (Gastrosteus), but likewise a family by themselves. 
Taking their name from the presence of a variable number of isolated spines in ad- 
vance of the soft dorsal fin, sticklebacks have the body more or less elongated and 
compressed, the cleft of the mouth oblique, and the teeth villiform. The gill cover 
is unarmed, and the cheek covered by the infraorbital bone; and in place of scales 
there are generally large plates along the sides of the body. ‘The pelvic fins, although 
abdominal in position, are connected with the pectoral girdle by means of the pelvic 
bones, and consist of but one spine and a single ray; and there are but three bran- 
chiostegal rays. Confined tothe Temperate and Arctic zones of the Northern Hem- 
isphere, where they are represented by some half-score species of small bodily size, 
sticklebacks are mainly fresh-water fishes, although the sea stickleback (G. spzn- 
achia) isa marine or brackish-water form, and all the rest can live as well in salt as 
in fresh water. The British fresh-water representatives of the genus are distin- 
guished. by the number of the dorsal spines, and are known as the three-spined (G. 
aculeatus), four-spined (G. sPznulosus), and nine-spined sticklebacks (G. pungitzus) ; 
while in the United States G. zoveboracensis is the most familiar kind. ‘The three- 
spined stickleback is a singularly variable species, the plates which are present on 
the sides of the body in some specimens, being wanting in others; the unprotected 
condition being especially common in the race from Central Europe. Very different 
in appearance from the others is the fifteen-spined, or sea stickleback, in which the 
body is very long and thin; this species ranging as far north as Norway and the 
Baltic. It has recently been ascertained that all the individuals of this stickleback 
die within.a year of their birth; so that we have here a second example of an annual 
vertebrate, the first being the one mentioned on p. 2759. 

Sticklebacks are extremely pugnacious, and at the same time highly voracious 
fishes, the males engaging in fierce conflicts with one another; while both sexes con- 
sume a vast quantity of the fry of other fish, and are, therefore, most objectionable 
denizens of preserved waters. It is not indeed that a single stickleback can doa 
very great deal of harm, but the mischief results from the enormous numbers of 
these little marauders. As an instance of this, we may once more quote the well- 
known statement of Pennant, that a man employed by a Linconshire farmer to rid 
a stream of sticklebacks, for a considerable time made a dollar a day by selling 
his catch at the rate of a penny a bushel. In fighting, the males make full use 
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of the formidable spines on the back, with which they have been seen to rip open 
the body of an antagonist. The most interesting trait in the economy of stickle- 
backs, is, however, undotibtedly the nest-building habit of many of the species. In the 
sea stickleback the nest is composed of a mass of pendent seaweeds, bound together 
by a silk-like thread into a pear-shaped form, in the centre of which are deposited the 
eggs. Such a nest has been known to be guarded for a period of upward of three 
weeks by the male parent fish; and when it sustained any damage, by which the 
eggs were exposed to view, the watchful guardian set about repairing the mischief 
with the greatest dispatch and energy, thrusting its nose deep into the structure, and 
pushing and pulling the materials till all was once more sound, ‘The following ac- 
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GROUP OF STICKLEBACKS. 
(Natural size.) 


Sea stickleback (upper figure); Nine-spined stickleback (middle figure); and Three-spined stickleback (lower 
figure). 


count of the nesting of the three-spined stickleback in an aquarium was forwarded 
by a correspondent to Frank Buckland. On this occasion the male ‘‘ selected a spot 
nearly in the centre of the trough, and busily set to work to make a collection of 
delicate fibrous materials, placed on the ground, and matted into an irregularly circu- 
lar mass, somewhat depressed, and upward of an inch in diameter, the top being 
covered with similar materials, and having in the centre a rather large hole. His 
work was commenced at noonday, and was'completed, and the eggs deposited by 
half-past six in the afternoon. Nothing could exceed the attention from this time 
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evinced by the male fish. He kept constant watch over the nest, every now and 
then shaking up the materials and dragging out the eggs, and then pushing them 
into their receptacle again, and tucking them up with his snout, arranging the whole 
to his mind, and again and again adjusting it till he was satisfied; after which he 
hung or hovered over the surface of the nest,. his head close io the orifice, the body 
inclined upward at an angle of about 45°, fanning it with the pectoral fins, aided by 
a side motion of the tail. This curious manceuvre: was apparently for the purpose 
of ventilating the spawn; at least by this means a current of water was made to set 
in toward the nest, as was evident by the agitation of particles of matter attached 
toit. This fanning or ventilation was frequently repeated every day tifl the young : 
were hatched; and sometimes the fish would dive head foremost into his nursery 
and bring out a mouthful of sand, which he would carry for some distance and dis- 
charge with a puff. At the end of a month the young ones were first perceived. 
The nest was built on the twenty-third of April, the young’ appearing first on May 
21. Unremitting as had been the attention of thisexemplary parent up to the time of 
the hatching of the eggs, he now redoubled his assiduity. He never left the spot 
either by day or night; and during the daytime he guarded it most pertinaciously, 
allowing nothing to approach. . . . The fry were at first so minute and transparent 
that they were scarcely perceptible, and it was only by a slight fluttering motion their 
position could be occasionally discovered; otherwise it was impossible to detect them.’’ 

Although the name of pipefishes is frequently applied to the mem- 
bers of the second family of'the group under consideration, it is better 
to restrict that term to the Syngnathide (described in the sequel), and take that of 
flutemouths for those to be now noticed. As a family the flutemouths are readily 
distinguished from the sticklebacks by the production of the bones of the muzzle 
into a long tube, terminated by a small mouth; and likewise by the pelvic fins con- 
sisting of six soft rays. The greatly-elongated body is either covered with very 
small scales, or naked; the teeth are small; the first dorsal, if present, is formed of 
small isolated spines; the soft dorsal and anal are of moderate length; the pelvic fins 
consist of six rays, without any spine, and are separated from the pubic bones, 
which remain attached to the pectoral arch; and there are five branchiostegal rays. 
The air bladder is large, and the vertebrae are very numerous, those in the anterior 
part of the column being fused into a continuous tube, as in the flying gurnards. 
These fishes, which may be regarded as gigantic and highly-specialized marine 
sticklebacks, frequent the coasts of the tropical and subtropical portions of the At- 
antic, Indian, and Pacific Oceans, some of them growing to from four to six feet in 
length. In the genus /istularia, the body is naked, the forked caudal fin has one 
or two of its middle rays produced into a long whip-like filament, and there are no 
isolated spines to the dorsal fin. The species are confined to the tropical Atlantic 
and Indian Oceans. On the other hand, in the typical genus Aulostoma the body is 
covered with small scales, the caudal fin squared, and without filaments, while the 
back carries a series of small isolated spines, and the teeth are rudimentary. In 
this genus the species inhabit the Atlantic; but the third genus (4u/iscops) is 
represented by a single form from the Pacific coast of this continent, distinguished 
by the naked body, the thoracic position of the pelvic fins, and the presence of 
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numerous spines in front of the dorsal fin. Day states that he found the Indian 
species of Fistularta, which is common in Madras, frequenting the most muddy 
localities. a ; : 

While agreeing with the flutemouths in the production of the muz- 
zle into a tubular beak, the two genera of fishes constituting. the family 
Centriscide differ by the imperfect development of the pelvic fins, 
which are truly abdominai in position. They have two dorsal fins, of which the 
spinous one is short, while the soft one is similar to the anal. Teeth are wanting. 
The family is distributed over the Atlantic, Mediterranean, and the Indo-Pacific, 
the common trumpet or bellows fish (Centriscus scolopax) occasionally making its 
appearance on the south coast of England, while it is also known from such a dis- 
tant region as Tasmania. It belongs to a genus characterized by the oblong or ele- 
vated'and compressed body being covered by small rough scales, with some bony 
strips on the back and under surface, the absence of a lateral line, and the length of 
the spines of the first dorsal fin. The second genus, Amphisile, differs by the 
elongate form of the compressed body, which is covered on the back with a cuirass 
of bony plates, behind which are the two dorsal fins. This genus is confined to 
the Indo-Pacific; and in the Indian A. scufata the dorsal armor terminates behind 
in a long spine, close beneath which are the three spines of the first dorsal fin, fol- 
lowed by the second dorsal, the caudal appearing on the lower surface of the body 
just behind the anal. Dr. Giinther writes that in these tortoise fishes, as they may 
be called, the ‘‘ body is so thin that it has the appearance of being artificially com-- 
pressed between two sheets of paper; it is semi-transparent, especially in the region 
of the air bladder. The structure of the vertebral column is extremely singular, 
and unique among Acanthopterygians. The trunk portion is more than four times 
as long as the caudal, nevertheless it is composed of only six vertebrze, while the 
latter consists of fourteen.’’ The trunk vertebre are extremely slender, the third 
alone being nearly as long as the whole caudal portion; while in the latter all the 
vertebree are very short. In a fossil state the tortoise fishes are represented in the 
middle Kocene of Monte Bolca ; and it may be mentioned here that in the preceding 
family the genera /istularia and Aulostoma occur not only in those deposits, but 
likewise in the lower Eocene of Switzerland; and Az/liscops has been recorded from 
. the Eocene of Sumatra, and two extinct generic types have been described from the 
Monte Bolca beds. 


Trumpet 
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Tur Sucker Fisous—Family GOB/OESOCIDE 


The small fish (Lepadogaster bimaculatus) of which three examples are shown 
in the annexed illustration, is one of three British representatives of a genus belong- 
ing toa small family which constitutes a sectional group by itself. Long confounded 
with the lumpsuckers, which they resemble in having an adhesive disc on the under 
surface of the body, the sucker fish differ from that group, not only in the struc- 
ture of the disc, but likewise in several other respects. They have no spinous 
dorsal fin; the soft dorsal and anal are short or of medium length, and situated far 


2778 THE BONY FISHES AND GANOIDS 


back, at the root of the tail; the pelvic fins are almost jugal in position, and have 
the adhesive disc placed between them, while the body is covered with a naked skin. 
Whereas in the lumpsuckers the pelvic fins are close together, and actually form 
the base of the sucking disc, in the present. family they are widely separated from 
each other, and only enter into the composition of a portion of the margin of the 
adhesive apparatus, which is completed by a cartilaginous expansion of the bones of 
the pectoral girdle. In size the ovid disc is relatively large, its length being some- 
times as much as one-third that of the.whole fish, and it is divided into an anterior 
and a posterior moiety, of which the- ‘second may or may not -have a free front 
margin. All these fishes are littoral forms of small size, ranging over both temperate 
zones, where they are more numerous than in the tropics. Among the numerous 
genera we can only mention the typical Gobzoesox, from the West Indies and Pacific 


TWO-SPOTTED SUCKER FISH. 
(Natural size. ) 


coast of South America, distinguished by the absence of a front free margin to the 
posterior division of the sucker, and the presence of incisor-like teeth at least in the 
lower jaw; and the European Lepadogaster, in which the hinder half of the sucker 
has an anterior free margin, and the teeth are small and fine. The British species, 
although variable in this respect, are very prettily colored; the figured one being ~ 
generally carmine red above, and pale flesh color below, with a light patch between 
the eyes, and two more or less distinct spots on the sides. It has been obtained 
adhering to stones and shells in deep water off Torquay. Montagu writes that when 
placed in a vessel of sea water these little fish ‘‘always adhere to the sides of the 
glass by the apparatus termed the sucker, and frequently remain fixed till they die; 
and even after death the power of adhesion continues. ‘The wet finger being ap- 
plied to the part,-the fish becomes suspended; when alive, they instantly attach 
themselves to the hand if taken out of the water.”’ | 
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THE SERPENT Heaps— Family OPHIOCEPHALID& 


Mainly characteristic of the Oriental region, although also represented in Africa, 
the fresh-water fishes known as serpent heads are interesting not only on account 
of their structure, but likewise from their peculiar habits. They form a single 
family, constituting a sectional group by itself, and represented by two genera, in 
one of which (Ophiocephalus) pelvic fins are present, while in the second (Channa) 
they are wanting. As a family, the serpent heads are characterized as follows: 
The body is elongate and covered with medium-sized scales; all the fins are devoid 
of spines, the anal and single dorsal being long and low; and there is an additional 
cavity above the proper gill chamber, although this-is not furnished with supple- 
mental gills. The depressed head is covered with somewhat plate-like scales, and 


STRIATED SERPENT HEAD. 
(One-ninth natural size.) 


has the eyes lateral and the gill openings wide; each gill chamber containing four 
gills, while teeth are present on the jaws, palatines, and vomer: If present, the 
pelvic fins are thoracic in position, and composed of six rays. The lateral line is 
sharply curved or almost interrupted, and an air bladder is present. Of the typical 
genus there are some thirty existing species, having a distribution coextensive with 
that of the family, and in Asia ranging over Baluchistan, Afghanistan, . India, 
Ceylon, Burma, China, Siam, and the Malay Archipelago; the figured species (O. 
striatus) being common to such distant localities as India and the Philippines, and 
at times reaching as,much as a yard in length. The second genus, Channa, is 
represented only by a single species from Ceylon and China. In a fossil state these 
fishes have been identified from the Pliocene rocks of the Siwalik hills in North- 
eastern India. 

| In India the serpent heads are found in. _tivers, ponds, tanks, and swamps, 

many of them seeming to prefer stagnant to running waters. Day writes that 
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these fishes ‘having hollow cavities in their heads, and an amphibious mode of 
respiration, are able to exist for lengthened periods out of their native element, and 
can travel some distance over the ground, especially when it is moist. They are 
able to progress in a serpentine manner, chiefly by means of their pectoral and 
caudal fins, first one of the former being advanced and then the other. These 
fishes appear to be monogamous, some breeding in grassy swamps or the edges of 
tanks, some in wells or stone-margined receptacles-for water, and others again in 
holes in river banks. The varieties which live in tanks and swamps keep much to 
the shallow and grassy edges: Among the fish which I myself saw exhumed 
from the mud of a dried-up tank were some Ophzocephalz; they are also recorded 
by the natives of India as descending with downpours of rain.’’ When living in 
muddy water they rise to the surface from time to time to take in atmospheric air, 
and captive examples prevented from doing this have been known to die. During 
the time they are buried in hard mud it must be assumed that these fish become 
completely torpid and stop the respiratory function. 


THE LABYRINTH-GILLED FISHES -— Families AVMABANTID_@ and eae 
ALIDZE | 


In the members of these two families of estuarine and fresh-water fishes, which 
constitute a sectional group by themselves, the apparatus for enabling them to exist 
for a considerable time out of the water is carried to a greater degree of complexity 
than in the last, and- takes the form of a laminated accessory gill-like organ, situated in» 
a chamber on each side of the head above the one containing the true gills. In 
these fishes the body is compressed, oblong, and elevated, with medium-sized ctenoid ~ 
scales. ‘T’he eyes are lateral, the gills four in number, the gill opening rather nar- — 
row, and false gills either rudimentary or wanting. The single dorsal fin; as well 
as the anal, has a variable number of spines; and the pelvic fins are thoracic in 
position. While in some cases the lateral line is interrupted, in others it is altogether 
wanting; and the air bladder may be either present or absent, but when developed 
it is generally very large, sometimes even extending into the tail. These fishes, 
which are of comparatively-small size, are confined to Southern Asia and South 
Africa, and are all capable of existing for a longer or shorter period out of their 
native element, when they oxygenate their blood directly from atmospheric air by 
means of the accessory gill-like organ. Whereas some are carnivorous, others are 
vegetable feeders; but all are capable of domestication, in which state they are sub-_ 
ject to considerable variation, and several have been acclimatized in countries other 
than their own. The flesh of all of them is said to be eatable, and that of some is 
of excellent quality. On account of their brilliant coloration, and the curious 
habits of some of them, these fish have always attracted more than ordinary interest. 

The fish to which the somewhat inappropriate name of climbing 
perch (Azabas scandens) has long been applied by Europeans in India 
is the sole representative of a genus characterized by the presence of teeth on the 
palate, and the serration of the free margins of the opercular and preorbital bones. 


Climbing Perch 
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In form the body is compressed and oblong; the lateral line is interrupted; the single 
dorsal fin has its spinous portion much longer than the soft part, while in the anal 
fin the spines are less numerous than those on the back. The caudal fin is rounded, | 
and the scales are rather large. In length the climbing perch may reach at least 
eight and one-half inches, and in the adult state its general color is dark green, usu- 
ally marked with dusky bands, which disappear soon after death. It frequents estau- 


CLIMBING PERCH ON LAND 
(One-half natural size.) 


ries, rivers, and tanks, and is distributed over India, Ceylon, Burma, the Malay Archi- 
pelago, and the Philippine Islands. That this fish can travel long distances on land, 
where it drags itself along by hitching its pectoral fins round the stems of grass and 
other herbage, in the manner indicated in our illustration, is perfectly-well ascer- 
tained. With regard to its climbing powers some amount of incredulity has been 
expressed, but it is very noteworthy that its Malayan name (undi-collz) signifies . 
tree climber, while nearly a thousand years ago certain Arab travelers were informed 
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of the existence in India of a fish that was in the habit of ascending cocoa-nut 
palms to drink their milk. Apparently the only definite record that we have of a 
European having witnessed such scansorial feats is from the pen of one Daldorf, 
who wrote that in the year 1791 he had takem one of these fishes from a moist cavity 
in the stem of a palmyra palm growing near a lake. He first observed it when 
already five feet from the ground, struggling to ascend higher, and suspend- 
ing itself by its gill covers; and bending its tail to the left, it fixed its anal fin in 
the cavities of the bark, and sought by expanding-its body to urge its way upward, 
and its march was only arrested by the~hand with which he seized it. Although 
there is no reason to doubt this very detailed narrative, the circumstance that later 
observers in India have never seen the feat repeated would seem to indicate that it 


f 


PARADISE FISH AND TELESCOPE FISH. 


is but seldom the fish takes to actual climbing. Regarding the habit of this fish, in — 
common with the serpent heads, of burying itself in the mud of tanks, Sir J. E. 
Tennent writes that ‘‘in those portions of Ceylon where the country is flat, and 
small tanks are extremely numerous, the natives are accustomed, in the hot season, 
to dig in the mud for fish. Mr. Whiting inform me that, on two occasions, he was 
present accidentally when the villagers were so engaged, once at the tank of Mallia- 
tivoe, within a few miles of Kottiar, near Trincomali, and again at a tank on the 
Vergel river. The clay was firm but moist, and as the men flung out lumps of it 
with a spade, it fell to pieces, disclosing fish from nine to twelve inches long, which 
were full grown and healthy, and jumped on the bank when exposed to the sun- 
light.”’ | 
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The Oriental region is the home of another allied genus of fishes 

' (Polyacanthus) represented by several species, and differing from the 
climbing perch by the absence of teeth on the palate, and the smooth margins of 
the preorbital and opercular bones; the mouth being small and slightly protractile. 
The spinous part of the single dorsal fin is much longer than the soft portion, the 
anal being similar; the pelvic fins have one spine and five soft rays, some of which 
are usually elongated; and the caudal is rounded or pointed. The lateral line, 
which is never complete, may be wanting. ‘These fishes inhabit fresh waters and 
estuaries along the coast of Southeastern Asia, but are seldom found any great dis- 
tance inland. The pretty and brightly-colored paradise fish is an inhabitant of 


Paradise Fish 


THE GURAMI. 
(One-fifteenth natural size. ) 


China and Cochin-China, and was long regarded as the representative of a distinct 
genus. It is, however, now known to be merely a domesticated variety of a species 
of Polyacanthus, although we are not aware that the normal form has hitherto been 
discovered. From our figure it will be seen that it differs from the ordinary mem- 
bers of the genus in the large and forked tail, and likewise in the great develop- 
ment of the soft rays of the dorsal and anal fins. Throughout China this fish is 
kept in confinement; and is even more suited to captivity than the goldfish, as it will 
breed in vessels of very small capacity. It is even stated to live in water strongly 
impregnated with acid, and its tenacity of life is very great. When kept in dark or 
muddy waters the color is generally a dull uniform brown; and it is only when liv- 
ing in clear water, exposed to the sunlight, that the golden hue and red transverse 
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bands make their appearance, these showing at an earlier period in the males than 
in the females. | . 
, On account of the excellent quality and tastes of its flesh, mention 
must be made here of the gurami ( Osphromenus olfax) as a well-known 
.Tepresentative of a third genus belonging to. this family’ Agreeing with the mem- 
bers of the preceding genus in the absence of teeth on the palate, the smooth border 
to the preorbital and opercular, and the structure of the pelvic fins, these fishes dif- 
fer by the smaller nuriiber of spines in-the dorsal or.anal fins, which are either fewer 
than the soft rays, or but very slightly exceed them. ‘The body is moderately ele-. 
vated and compressed; the small and oblique mouth ts capable of a considerable de- 
gree of protrusion; and the first ray of the pelvic fins is elongated into a slender 

filament, the remainder being generally rudimentary. When present the lateral 
line is continuous; and there is always an air bladder. Distributed over the rivers 
of Southeastern Asia, these fishes are represented in India only by a small species 
(O. nobilis) of some four inches in length, inhabiting Northeastern Bengal and 
Assam. ‘The gurami, which is a native of the rivers of China and the Malayan 
Archipelago, has, however, been introduced into several parts of India and has also 
been naturalized in the Mauritius, Cayenne, and Australia. It is easily recognized 
by its large size, great convexity of the profile of the under surface, and greenish- 
brown color, marked in the immature condition by four or five dark vertical bands. 
It attains a weight of fully twenty pounds, and, when kept in clean water, is stated 
to be the best flavored fresh-water fish in Southeastern Asia. As it is extremely 
tenacious of life, and likewise almost omnivorous in its diet, it is in every way very 
admirably adapted for transportation and acclimatization. 

A fourth genus (Zetta), distinguished by the short dorsal fin oc- 
cupying the middle of the back, and without any pungent spine, ~ 
the long anal, and the production of the outer ray of the five-rayed pelvic fins, 
must also be mentioned on account of its containing the so-called fighting fish 
(B. pugnax) which is bred by the Siamese for ine sake of the sport afforded by 
its pugnacious propensities. Cantor writes that, ‘‘ when the fish is in a state of 
quiet, its dull colors present nothing remarkable; but if two be brought together, or 
if one sees its own image in a looking-glass, the little creature becomes suddenly 
excited, the raised fin and the whole body shine with metallic colors of dazzling 
beauty, while the projected gill membrane, waving like a black frill round the 
throat, adds something of grotesqueness to the general appearance. In this state 
it makes repeated darts at its real or reflected antagonist. But both, when taken — 
out of each other’s sight, become instantly quiet. ‘This description was drawn up 
in 1840 at Singapore, by a gentleman who had been presented with several by the 
King of Siam. They were kept in glasses of water, fed with larvee of mosquitoes, 
and had thus lived for many months. ‘The Siamese are as infatuated with the 
combats of these fish as the Malays are with their cockfights, staking on the issue 
considerable sums, and sometimes their own persons and families. The license 
to exhibit fish fights is farmed, and brings a considerable annual revenue to the 
King of Siam. The species abounds in the rivulets at the foot of the hills of 
Penang.” 


Gurami 


Fighting Fish 


UNICORN AND RIBBON FISH 2785 


The small fish (Luciocephalus pulcher) from the fresh waters of the 
Malay Archipelago, shown in the accompanying illustration, is the 
sole representative of the second family of the labyrinth-gilled group, which differs 
from the first in the absence of spines from both the dorsal and anal fins. The spe- 
cies derives its name from the produced muzzle and general pike-like form of the 
head; and has its elongate body covered with moderate-sized scales, and traversed 


Pike Head 


PIKE HEAD. 
(Natural size.) 


by a continuous lateral line. The teeth are smali, and the gill openings wide. The 
single spineless dorsal fin is very short and placed far back on the body; the pelvics _ 
consist of one spine and five rays, one of the latter being elongated; and the tail fin 
is rounded. - There is no air bladder. Nothing is known with regard to the life 
history of this prettily marked fish. | 


UNICORN AND RIBBON FisH — Families LOPHOTID_E and TRACHYPTERIDZ 


Agreeing in their ribbon-shaped bodies, and also in the extension of the dorsal 
fin from the head to the end of the tail, the unicorn and ribbon fishes are thereby 
easily distinguished from all the preceding forms, although they differ so much 
from one another as to be entitled to form distinct families, each of which is re- 
garded by Dr. Giinther as representing a sectional group. 

The single representative of the first family (Lophotes cepedianus) 
differs from the whole of the members of the subclass hitherto de- 
scribed, in that the vent is situated at the hinder extremity of the body, close to the 
tail, with a small anal fin immediately behind it. The pelvic fins are very minute, 
and thoracic in position; the catidal is also small and rounded; the mouth is incapa- 
ble of protrusion; teeth are present on the jaws, palatines, and vomers; and there 
is an air bladder. The most striking peculiarity about this strange fish is the eleva- 
tion of the crown of the head into a high crest, surmounted by an exceedingly-long 
and recurved spine forming the commencement of the dorsal fin. The bones and 
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flesh are firm, the general color is silvery, with lighter spots, but the fins are rosy, 
and the total length is at least five feet. This fish, which has been taken in the 
Atlantic off Madeira, and also in the Sea of Japan, probably dwells at a con- 
siderable depth, although not so far down as the ribbon fishes. Its habits are un- 
known. . ‘ ia 

From the unicorn fish the members of this family may be distin- 
guished by the absence of an anal fin, and by the caudal (which, as 
in our figure, is. rarely preserved in the adult state) being either rudimental, or 
small and bent up above the axis of the body in a fan-like manner. ‘The band-like 


Ribbon Fishes 


UNICORN FISH. 
(One-tenth natural size. ) 


body, which may measure as much as fifteen or twenty feet in length, with a depth. 
of a foot and a breadth of not more than an inch, terminates in a short and deep 
head, furnished with large lateral eyes, and a small mouth; the teeth being feebly 
developed. ‘The high dorsal fin is composed of a very numerous series of rays, 
which are neither articulated nor branched, and has a detached portion on the 
crown of the head elevated into tall filaments,* and the thoracically-placed pelvic 
fins may consist either of several rays, or be reduced to a single long filament. 
Scales. are wanting; and the numerous vertebree as well as the other bones, are re- 


*In our figure this part is represented as connected with the rest of the fin. 
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markable for their softness and loose structure; the flesh being likewise of a flabby 
consistence. The young, which are not unfrequently found at the surface of the 
ocean, are very unlike the adults, having the body more like that of an ordinary 
fish, but remarkable for the enormous development of the rays of the front part of 
the dorsal and pelvic fins, and in a minor degree those of the caudal likewise. The 
dorsal rays are, indeed, several times the length of the whole fish, and are furnished 
at intervals with barb-like dilatations. Most ribbon fish are silvery in color, with 
rosy fins. ‘They are divided into three genera, of which Zvachypterus has well- 


BANKS’S RIBBON FISH. 
(One-twelfth natural size.) - 


developed pectoral fins, while Stvlophorus has the tail produced into an exceedingly 
long filament; Regalecus being distinguished by the reduction of the pelvic fins to a 
pair of long filaments with dilated extremities, and the small size or rudimentary 
condition of the caudal. Our figured example (2. danksz) belongs to the third 
genus, and has the body of considerable relative depth, but in a much smaller In- 
dian form (2. vusselli) the body is so slender as to have a rod-like appearance. 
Banks’s ribbon fish appears to be only known from specimens cast ashore on the 
British coast, the first of these having been stranded at Whitby in January, 1759, 
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since which date only fifteen other examples were recorded up to 1878. All these 
fishes are, indeed, known almost entirely from examples found in a dead or dying 
condition on the surface of the ocean, or cast ashore by.the waves. In this state 
the whole of their tissues are so disintegrated and broken that the body can scarcely 
‘be lifted whole from the water, and it is thus evident that ribbon fishes are inhabit- 
ants of the lower strata of the ocean, although at what precise level they live has 
not yet been ascertained. They are found in all seas, but are mostly of very rare 
occurrence on the surface, the single‘representative of the genus Stylophorus being 
only known by one example captured in the early part of this century near Cuba; 
while the same is the case with regard to Russell’s ribbon fish from Madras. ‘That 
the young are also deep-sea fishes is, as Dr. Giinther remarks, perfectly evident 


es 
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RISSO’S THORNBACK. 
(One-half natural size. ) 


from their filamentous fins, which would be irretrievably damaged if their owners 
did not live at depths where the water is perfectly undisturbed. From the expan- 
sion of the extremities of the pelvic fins, Banks’s ribbon fish has been named the 
oar fish; while from a supposed idea that it accompanied the shoals of those fishes, 
it has likewise been designated the king of the herrings. It has been suggested 
that large ribbon fish floating on the surface have given rise to many of the reports _ 
regarding the sea serpent; but, as Dr. Giinther pertinently points out, such dead or 
dying creatures do not by any means accord with the active movements generally 
attributed to that mythical monster. Still, however, we believe that a stranded 
ribbon fish has been mistaken for a dead sea serpent. 


Tur THORNBACKS— Family VOTACANTHIDE 


The last family of the great division of spiny-finned fishes we have been consid- 
ering in the foregoing paragraphs includes only the deep-sea fishes known as thorn- 
backs, all of which are referred to the single genus Votacanthus. ‘These fishes are 
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very abnormal forms, agreeing only with the more typical members of the suborder 
to which they are referred in the presence of spines in the median fins. Possessing 
an elongate and somewhat compressed body, covered. with minute scales, they are 
specially characterized by having the dorsal fin composed of a series of low isolated 
spines, without any soft portion; while the anal is elongated, with a great number 
of spines; the pelvic fins being abdominal in position, and comprising more than five 
soft rays, in addition to several unarticulated ones. In the head the muzzle is pro- 
longed in advance of the mouth; the moderate-sized eyes are lateral in position; and 
the teeth are small and weak. ‘The six known species range from the Arctic Ocean 
to the Mediterranean, Atlantic, and South Pacific. All are deep-sea fishes, prob- 
ably dwelling at depths of from a hundred to five hundred fathoms; although one 
specimen taken to the south of Yokahama during the voyage of the Challenger is: 
stated to have come from a depth of nearly nineteen hundred fathoms. 


THE WRASSE-LIKE FISHES — Families POMACENTRID_£, LABRIDZA, 
, CHROMIDID 2, etc. | 


In almost all the families of spiny-finned fishes hitherto described the lower 
pharyngeal bones are completely separated from one another, whereas in the four 
families remaining for consideration these are united with one another. It has been 


SILVER-DOTTED POMACENTRUS. 
(Five-sixths natural size.) 


considered that this difference was of sufficient importance to justify the reference 
of the families with united pharyngeals to a subordinal group. of equal rank with 
one containing those in which these bones remain distinct; but we prefer to follow 
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Day in regarding the group now to be considered merely as a section of the sub- 
order which includes all the other spiny-finned fishes; That this is the correct view — 
is proved by the circumstance that in one aberrant genus of perches (Gerres) some 
of the species have the lower pharyngeal bones separate, while in others they are 
united. In the three families constituting the present group there is a single dorsal 
fin, in which the number of spines and soft rays is nearly equal; while the anal is 
usually similar in character to the soft dorsal; and the pelvic fins are thoracic in po- 
sition, and include one spine and five soft rays., 

The first of the families of the present sectional group takes its 
- name from the genus Pomacentrus, which, together with the allied 
genera, includes tropical fishes mainly frequenting the neighborhood of coral reefs 
and islands, and thus closely resembling the scaly-finned fishes (p. 2710) in their 
mode of life; a few species of the family range, however, into the seas of the tem- 
perate zones. As an example of the typical genus, we figure P. scolopsis, from the 
Malayan seas and Polynesia. As a family these fishes are specially characterized 
by the presence of false gills and ctenoid scales. In form, the body is more or less 
short and compressed; there are weak teeth in the jaws but none on the palate, and 
there is an air bladder. ‘he family is represented by eight genera and considerably 
over a hundred species; and the genera may be divided into groups, according as to 
whether all or some of the opercular bones are serrated at the edges or are all sim- 
ple; Pomacentrus belonging to the intermediate group, in which the preopercular is 
serrated, while the edges of the other bones of the gill cover are entire. In a fossil 
state the family is represented by an extinct genus from the middle Eocene deposits 
of Monte Bolca. Pomacentrus is the largest genus of the family, its representatives 
ranging over the tropical seas of both Hemispheres. Curiously enough, not only do 
these fishes resemble the scaly-finned fishes in their mode of life, but they are very — 
similarly colored, so much so, indeed, that in some instances actually the same pat- 
tern of coloration is common to members of the two families. ‘This, as remarked 
by Dr. Giinther, is one of many instances showing that the coloration of animals 
depends to a great extent on their mode of life and natural surroundings. All these 
fishes are carnivorous, subsisting on various small marine animals; those furnished 
with compressed teeth probably browsing on the coral polyps. 

Distinguished from the preceding family by their cycloid scales, the 
wrasses form an extensive group (Ladrvid@), many of the members of. 
which may be easily recognized by their greatly thickened lips, sometimes provided 
with an internal fold; and from this characteristic they derive their German title of lip 
fishes. False gills are present, and the true gills, three and a half in number on > 
each side. The body is oblong or elongate, and while teeth are present in the jaws 
they are absent.on the palate. In the single dorsal fin the number of spines is usu- 
ally equal to that of the rays; the anal is similar to the soft dorsal, and an air blad- 
der is present. Littoral in their habits, the great majority of the wrasses are found 
in tropical and temperate seas, none occurring within the limits of the polar seas. 
Rocks and coral reefs are their favorite haunts, most of them feeding chiefly on 
mollusks and crustaceans, for crushing the shells of which their teeth are specially 
adapted. In many kinds there is an additional pointed curved tooth at each angle 
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of the upper jaw, used for holding a shell against the front and side teeth, by which 
it is crushed. The majority of the wrasses are beautifully-colored fishes, decorated 
not only with transient iridescent hues on the scales, but likewise with permanent 
colors formed by the deposition of pigment in the tissues. Some of the species 
grow to a large size, specimens weighing upward of fifty pounds; and it is these 
larger species which are most esteemed as food fishes, the flesh of the smaller kinds 
being of inferior quality. In a fossil state wrasses date from the middle Eocene of 
Monte Bolca, where remains referable to the existing genus Ladrus occur; while an 
extinct Eocene genus from North America appears to be the ancestral form of the 
existing blackfish (7: autoga). An allied extinct family is represented by Phyllodus 


STRIPED WRASSE. 
(One-third natural size.) 


from the Cretaceous and lower Eocene 6f Europe—distinguished by the flattened © 
leaf-like pharyngeal teeth— as well as by several other more or less nearly related 
Tertiary types. en | 
As it would be quite impossible in our limited space to describe even 
a few of the numerous genera of wrasses, we must content. ourselves 
with saying that these are arranged.in groups according to the structure of the an- 
terior teeth, and devote our remaining observations mainly to the typical wrasses 
constituting the genus Zabrus. In this genus, of which the figured striped or red 
wrasse (ZL. mixtus) may be taken as a well-known British example, the body is 
compressed and oblong in form, with the moderate-sized scales arranged in more 
than forty transverse rows; the muzzle is more or less sharply pointed; the cheeks 


True Wrasses 
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and opercular bones are covered with imbricating scales, which are, however, want- 
ing or but few in number on the interopercular; and the conical teeth are arranged. 
in a single row in the jaws. ‘The spines of the dorsal fin are numerous, varying 
from thirteen to twenty-one, and are all of. approximately equal height; there are 
three spines in the anal fin; and the lateral line is continuous. In the young, the 
edge of the preopercular bone is serrated. ‘These wrasses are chiefly characteristic 
of the Mediterranean area, gradually diminishing in the more northern seas of 
Europe, and being quite unknown in those of India. ‘The striped wrasse exhibits 
a remarkable sexual variation of color; the males usually having the body marked 
with blue streaks or a blackish band, while in the females the back of tke tail shows 
two or three blackish blotches. The other British species is the Ballan wrasse (L. 
maculatus), in which the general color is bluish green, the scales being margined. 
with reddish orange, and the fin rays also of the latter tint. Couch writes that the 
Ballan wrasse ‘‘ frequents deep gullies among rocks, where it shelters itself among 
the larger kinds of seaweeds, and feeds on crabs and other crustaceous animals. It 
takes a bait freely, and fishermen remark that when they first fish in the place they 
take but few, and those of large size; but on trying the same spot a few days after, 
they catch a great number, and those smaller, from which they conclude that the 
large fish assume the dominion of a district, and keep the younger at a distance.”’ 
The gold sinny (Crenzlabrus melops) is a British example of a second genus, distin- 
- guished by the serrated edge of the preopereular. Another well-known member of 
the family is the blackfish ( 7autoga onitis) of the Atlantic coast of North America, 
so named on accoutit of its blackish-brown color, and the sole representative of a 
genus characterized by the naked opercular, the rudimental scales on the cheek, 
and the double row of teeth in the jaws: 

Since their Mediterranean representative (Scarus cretensis) was a ~ 
fish held in high estimation among the ancients, brief mention must ~ 
be made of the parrot wrasses, of which the other species are inhab- 
itants of the tropical parts of the Atlantic. These fishes are easily recognized by 
their sharp beak, caused by the coalescence of the teeth; and also by the lower jaw 
projecting in front of the upper. Of the splendidly-colored Mediterranean species 
Dr. Giinther writes that ‘‘ it was most plentiful and of the best quality in the Car- 
pathian Sea, between Crete and Asia Minor, but was not unknown, even in early 
times, on the Italian coasts, though Columella. says it seldom passed beyond Sicily 
in his day. Butin the reign of Claudius, according to Pliny, Optalus Elipentius 
brought it from the Troad, and introduced it into the sea between Ostium and Cam- 
pania. For five years all that were caught in the nets were thrown into the sea 
again, and from that time it was an abundant fish in that locality. In the time 
of Pliny it was considered to be the first of fishes; and the expense incurred by 
Elipentius was justified, in the opinion of the Roman gourmands, by the ex- 
treme delicacy of the flesh.” This fish feeds on seaweed; and the mastication 
required to reduce this to a pulp ‘probably gave rise to the old idea By it was 
a ruminant. | 

For the want of a better one, the members of. the small family Ditrematide 
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may be termed, on account of their peculiar reproductive arrangements, viviparous 
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wrasses. Agreeing with the wrasses in the presence of false gills and 
the cycloid scales, they differ in having four gills, and the anal fin fur- 
nished with three spines and numerous soft rays. In form, the com- 
pressed body is either elevated or oblong, and the latéral line continuous. The sin- 
gle dorsal fin has a spinous portion in front, and a scaly sheath along the base, 
separated by a groove from the body scales. Small teeth are present in the jaws, 
but the palate is toothless. Generally not exceeding a pound in weight, these 
fishes are confined to the temperate region of the North Pacific, where they are 
much more numerous on this than on the Asiatic side. While the majority 
belong to the genus Détrema, of which an example (VD. argenteum) from San 
Francisco is represented in the illustration, one species constitutes the genus Heter- 
ocarpus, distinguished by the number of dorsal spines being from sixteen to eight- 
een, instead of from seven to eleven. All these fishes produce living young, which 
are contained in the sheath of the ovaries, instead of the oviduct. 


Viviparous 
Wrasses 


SILVERY VIVIPAROUS WRASSE. 
(Two-fifths natural size.) 


Although some members of the preceding family may occasionally 
enter rivers, the chromids, family Chromidide, differ from all the other 
fish with united lower pharyngeals in being exclusively fresh-water forms. Their 
distribution is somewhat peculiar, and very similar to that of the lungfishes (exclu- 
sive of the Australian form). Thus they are found in the rivers of tropical America 
and Africa, together with Madagascar, Syria, and Palestine, one outlying genus oc- 
_curring in India; and it may be remarked that all the genera from the New World. 
are distinct from those of the Old World. Mostly of comparatively-small size, al- 
though one species of the type genus from the Nile grows toa length of about 
twenty inches, the chromids may be distinguished from all the other three families 
of the present group by the absence of false gills.. ‘The body, which is somewhat 
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variable in form, is generally covered with ctenoid scales, although in some cases 

these may be cycloid; and the lateral line is more or less interrupted. In the single. 
dorsal. fin the spinous portion usually exceeds the soft in extent; the anal fin 

having three or more spines, and its rayed portion being similar to the soft dorsal. 

The jaws are provided with small teeth, but the palate is smooth; and the number 
of gills is four. In some species the teeth are lobate and the intestines complicated - 
by many foldings; these types being vegetable feeders while all the remainder are 
carnivorous. Among the best-known representatives of the typical genus Chromzs 
is the so-called butti of the Nile (C. niloticus), ‘which is one of the largest members 
of the family; while Tristram’s chromid (C. ¢v¢stvamz) here figured is from salt and 
other lakes in the Sahara and Ashanti. Asa genus, Chromis is distinguished by 
its lobate teeth, the presence of only three spines in the anal fin, and the scaly gill 
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cover; and it therefore belongs to the vegetable-feeding group. Nineteen existing 
genera have been described; and the family appears to be represented by one, or 
perhaps two extinct generic types from the middle Eocene of Monte Bolca, in Italy. 


THE TUFT-GILLED AND COMB-GILLED FISHES — SUBORDERS 
Lophobranchi and Plectognathi 


The two small subordinal groups of fan-finned fishes now to be noticed have 
been generally placed after the soft-finned fishes, but from recent investigations 
into their anatomy it appears more probable that they are ay specialized types 
related to the spiny-finned group. 
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THE MAILED TuBE MoutHs— Family SOLENOSTOMATIDZ 


A few small fishes from the Indian Ocean constituting the genus Solenostoma 
are the sole representatives of the first family of the suborder Lophobranchii; the 
distinctive features of that subordinal group being as follows: ‘The body is in- 
vested in a segmented bony dermal skeleton, and the bones of the gill cover are 
reduced to a single plate. The gill openings are small, and the gills themselves 
consist of small rounded tufts springing from the gill arches; while the muscular 
system is characterized by its very slight development. ‘The simple air bladder, 
when present, resembles that of the spiny-finned group in being unprovided with a 
duct communicating with the pharynx; and the prolonged muzzle terminates in a 
small toothless mouth, in which the bones are arranged as in the group last named. 
In the family under consideration the gill openings are wide; the rays of the first of 
the two dorsal fins are not articulated; and the whole of the other fins are well 
developed. ‘The mailed tube mouths take their title from the great elongation of 


BLUE-FINNED TUBE MOUTH. 
(Natural size. ) 


the tube-like muzzle; the compressed body having a very short tail, and, like the 
head, being covered with a thin skin, beneath which are the large bony plates, 
marked with a radiate pattern. The soft dorsal and anal fins arise from boss-like 
elevations of the hinder part of the body; the pelvic fins, which are placed close 
together in the same vertical line as the tall first dorsal, and have seven rays, are 
separate from one another in the males, but in the opposite sex have their inner 
edges joined to the skin of the chest so as to form a pouch for the reception of the 
eggs. The air bladder is wanting. A female of the blue-finned species (.S. cyano- 
pterum) is shown in the accompanying illustration; the range of this form ex- 
tending from the coast of Zanzibar to China and Ceram. The female takes the 
whole charge, not only of the exceedingly-minute eggs, but likewise of the 
newly-hatched fry. Like the members of the next family these fishes generally 
swim in a more or less nearly vertical position, the dorsal fin exerting the chief 
propelling power. The family is represented by an extinct genus from the Ital- 
ian Eocene. 
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THE PIPEFISHES AND SxA HorsEs— Family SYNGNA THID AB 


From the members a the preceding pane the pipefishes may be distinguished 
by the reduction of the gill opening to a very small opening at the superior hinder 
angle of the gill cover, as well as by the single soft dorsal fin, and the absence of 
the pelvic fins; some of the other fins being likewise wanting in certain genera. 
Mainly marine, although frequently entering brackish, and more rarely fresh waters, 
these strange fishes are to be found on‘the coasts of tropical and’ temperate seas in 


GREAT PIPEFISH AND SHORT-SNOUTED SEA HORSE. 
(One-half natural size. ) 


such situations as, from the abundance of seaweed, offer them sufficient shelter. 
They are naturally poor swimmers, and if carried away from protective covert may 
be borne helplessly out to: the open ocean by the action of curreuts. Unlike the 
tube mouths, the males take charge of the eggs and young, being often provided 
with. a pouch formed by a fold of skin arising from each side of the body and tail, 
and joined together in the middle line; in the.sea horses this pouch being completely 
closed,.save for a small aperture in front. In this receptacle. the eggs are deposited, 
and remain there till hatched. The typical genus, as well as‘Siphonostoma, is rep- 
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resented in a fossil state in the middle Eocene of Monte Bolca, where there likewise 
occurs an extinct genus of sea horses. Including several genera, the pipefishes 
are characterized by the absence of prehensile power in the tail, which generally 
terminates in a fin. In the typical genus Syugnathus, as represented by the great 
pipefish (.S. acus), shown in our illustration, the body is marked with more or less 
distinct longitudinal ridges, among which the one down the back is not continuous 
with that on the tail. The pectorals are well developed, the caudal present, and 
the dorsal fin placed nearly or exactly above the vent. In the males the pouch is 
fully developed, and of the type described above. The great pipefish is a common 
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FUCUS-LIKE SEA HORSE. 
(Two-thirds natural size.) 
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species in European seas; extending westward across the Atlantic and southward to 
the Cape, and grows to a length of a foot and a half. As an example of a second 
genus, we may mention the deep-nosed pipefish (.S. typhle) of the British seas 
distinguished by the upper ridge on the tail being continuous with the lateral line, 
but not with the dorsal ridge. In the tropical genus Doryzchthys, as in some others, 
we find that the eggs are only glued to the skin of a broad groove on the under sur- 
face of the males, instead of being protected by a closed pouch. The slender 
straight-nosed pipefish (JVerophis ophidium), which may not unfrequently be seen 
served up among a dish of whitebait, is a British example of a fourth genus, in 
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which not only is there no pouch on the under surface of the males, but the body 
is rounded and nearly smooth, and the caudal fin either rudimentary or want- 
ing. . All the pipefishes are carnivorous in their diet; and it is stated that in 
those species provided with a pouch, the fry will return to this for shelter for 
a considerable time after birth. The pipefishes swim about slowly in a very 
‘peculiar manner, more generally vertically or in an inclined position than hor- 
izontally, contorting their bodies into every conceivable kind of posture, and 
poking their long snouts inquisitively into bunches of seaweed in their search 
for food. ; . 

The prehensile structure of the tail is the chief difference between sea horses 
and pipefish, although in all the existing representatives of the former group there 
is no caudal fin. ‘The sea horses are divided into several genera, of which the typi- 
cal one is best known by the short-snouted sea horse (Wippocampus antiquorum), 
ranging from the Atlantic and Mediterranean to Australia, and occasionally found 
in the British seas. In this genus the body is more or less compressed and deep, 
with its investing bony shields raised into tubercles or spines of variable length; 
while the back of the head is compressed into a crest, terminating in a well-marked 
knob. Small pectoral fins are present, and the males have a pouch beneath the tail, 
with its aperture near the vent, in which to carry the eggs. The curious resem- 
blance presented by the heads of these fishes to that of a horse has obviously given 

rise to their popular name. They are represented by about a score of species. A 
remarkable instance of resemblance to their natural surroundings is afforded by the 
three representatives of an Australian genus of sea horses, one of which (Phyllo- 
pleryx eques) is shown in the preceding illustration. In these fishes the body 
may be either compressed or as broad as deep; some or all of its smooth bony plates 
being furnished with long spine-like processes projecting from its edges, and many 
of these terminating in irregular leaf-like appendages. There are a pair of spines 
on the muzzle, and others above the eye; pectoral fins are present; and the tail is 
about equal in length to the body. In the absence of a pouch, the eggs are em- 
bedded in soft membranous skin on the under surface of the tail. ‘These sea horses 
closely resemble the color of the seaweeds to which they attach themselves, while 
the filamentous appendages of their spines appear as if they were actually a part of 
the vegetable growth. These species are of aa ahs -large size, attaining a length 
of as much as a foot. 


FILEFISHES AND CoFFER FIsHES— Family BALISTID.2 


With the filefishes and their allies we come to the first of the two families 
constituting the suborder Plectognathi, of which the following are the distinctive 
characteristics: In the head the bones are completely ossified, while in the rest of 
the skeleton they are incompletely hardened; the number of vertebra being few. 
The small gill openings are situated in front of the pectoral fins, and the gills them- 
selves are pectinate; the mouth being narrow, with some of the bones of the upper 
jaw united, and in certain cases both jaws prolonged to form a beak. ‘There is gen- 
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erally a single soft-rayed dorsal fin, placed far back on the body, and situated im- 
mediately above the anal; and there may be remnants of a spinous dorsal; while the 
pelvic fins, when retained at all, take the form of simple spines. The skin may be 
either entirely naked, covered with rough scales, invested in a complete cuirass of 
plates composed of true bone, or dotted over with bony spines. ‘There is no duct 
connecting the air bladder with the pharynx. Asa family, the filefishes and their 
allies are specially distinguished by the presence of a small number of distinct teeth 
in the jaws. ‘Their bodies are either compressed or angulated, with a somewhat 
produced muzzle; more or less distinct vestiges of a spinous dorsal and pelvic fins 
generally occur; and the skin may be either rough or spiny, or the whole body 
invested in a bony cuirass. These fishes, which are of medium size, range over all 
tropical and temperate seas, although more numerous in the former than in the 
latter, and may be divided into three subfamilies, in each of which we notice an 
example. Extinct generic types date from the period of the lower Eocene, while , 
the filefishes themselves are recorded from the middle Eocene of Monte Bolca. 

The first subfamily is typically represented by 77zacanthus brevirostris from the 
Indian Ocean, the other genera being from the Australian seas. The special char- 
acteristics of the group are to be found in the compressed form of the body, and its 
covering of rough, scale-like plates, as well as in the presence of a pair of strong 
spines representing the pelvic fins; the type genus being distinguished by having 
from four to six spines in the spinous dorsal fin. The typical filefishes (Balistes) 
belong to a group of three genera in which the body is compressed, and covered 
either with a rough skin or movable scale-like plates; and the pelvic fins are either - 
wanting or represented merely by a single median swelling on the abdomen. ‘These 
fishes are distributed over all tropical and subtropical seas; the first two genera in-~ 
cluding a very large number of species. Whereas in the typical genus there are 
three spines to the dorsal fin, and the chin is devoid of a barbel, Wonacanthus differs 
in the reduction of the dorsal spines to two or one, and Aznacanthus, which has a 
single dorsal spine, is distinguished from both the others by the barbel on the chin. 
In many districts the flesh of these fishes, if eaten, gives rise to symptoms of most 
acute poisoning. Many of the species are beautifully ornamented with symmetrical 
markings; and while the majority are of small size, some attain as much as a couple 
of feet in length. Of the members of the typical genus Dr. Giinther writes that — 
‘‘ both jaws are armed with eight strong incisor-like and obliquely truncated teeth, 
by means of which these fishes are enabled to break off pieces of the corals on 
which they feed, or to chisel a hole into the hard shells of mollusks, in order to ex- 
tract the soft parts. They destroy an immense number of mollusks, thus becoming 
most injurious to the pearlfisheries. The first of their three dorsal spines is very. 
strong, roughened in front like a file, and hollowed out behind to receive the second 
much smaller spine, which, besides, has a projection in front at its base, fitting into 
a notch of the first. ‘Thus these two spines can only be raised or depressed simul- 
taneously, and the first cannot be forced down unless the second has been previously 
depressed. The latter has been compared to a trigger, hence a second name —trig- 
ger fish — has been given to these fishes.’’ Two Atlantic species of the genus are 
now and then met with on the British coasts. 
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The box-like coffer fishes (Ostracion) of which there are rather more than a 
score of species from the tropical and subtropical seas alone represent the third | 
and last subfamily, and are easily recognized by the inclosure of the angulated body 
in a complete cuirass formed of six-sided bony plates with’ their edges in juxtaposi- 
tion, thus forming a mosaic-like pattern. Both the spinous dorsal and the pelvic 
fins are wanting, although their position may be indicated by prominences. In the 
whole backbone there are but. fourteen vertebrae, of which the last five are very 
short, while those in the front of the series are much elongated, and the ribs are 
entirely wanting. In some of the species. the cuirass is marked ‘by three, and in. 
others by four or even five ridges; but in other cases it is armed with long spines, 
which vary in length according to the age of their owner. \ A species (O. guadricor- 
nis) is figured in the colored plate. 


THE GLOBEFISHES AND SUNFISHES — Family DIODONTIDA 


Unlike as they are in external appearance, the spine-clad globefishes and the 
huge flattened sunfishes are referred to a single family, distinguished from the last 
by the bones of the jaws being confluent and modified into a cutting beak, which 
may or may not have a median suture, the dentition taking the form of dental 
_ plates composed of thin’ parallel layers. ‘The body is more or less shortened; a 
spinous dorsal, anal, caudal, and pectoral fins are developed, but the pelvics are 
wanting. ‘he external covering may take the form either of a number of small 
ot large spines, or of plates; and the air bladder may be either present or absent. In- 
habitants of tropical and subtropical seas, with the exception of a few found in the 
fresh waters of the same regions, the members of this family are mostly small or 
medium-sized forms, although this is by no means the case with the sunfishes. In 
many of them the flesh is of a highly poisonous nature, at least during certain sea- 
sons of the year. Like the preceding, the present family may be divided into three 
groups or subfamilies, the first of which is represented only by the sac fish ( 77io- 
don bursarius) of the Indian seas, which takes its name from the sac formed by the 
dilatable skin of the abdomen; this sac being supported by the pelvic bone, and 
filled with air at the will of the fish, although its lower portion consists merely of a 
flap of skin into which no air can enter. The dental plate of the upper jaw is di- | 
vided by a median suture, while that of the lower jaw is continuous. ‘The elon- 
gate tail terminates in a forked fin, and the body is invested with spiny bony plates, 
_ which do not overlap one another. The single species, which may attain a length 
of twenty inches, ranges over the Indian and Malayan seas, and is of a general 
brown color, with a spot of variable color on the sac, and the fins yellow. 

The essential characteristics of the globefishes, which form the sec- 
ond subfamily, are that the tail and its fin are distinct and well devel- 
oped, and that a portion of the cesophagus is highly distensible and capable of being 
inflated with air. All the globefishes,.or, as they are sometimes called, sea hedge- 
hogs; are easily recognized by the short and cylindrical or rounded form of the 
body, which is generally covered with a scaleless skin bearing a number of spines of 
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variable size. When these spines are of large size, they are spread uniformly over 
the whole body, but when small they are partial in their distribution. These fishes 
are divided into two groups, according to the nature of the dental plates. In the 
first, or small-spined group, as typified by the genus Zetvodon,— of which a species. 
is represented in the lower figure of the colored plate,— the dental plate of each jaw 
is divided by a median suture, and the spines are frequently very small, and may be 
even altogether absent; many of the species being very brilliantly colored. One 
member of the genus inhabits the rivers of Brazil, and a second those of West Af- 
rica and the Nile, while a small form is found in the brackish-water estuaries of 
India. According to Day, the flesh of some of the species is poisonous, while that 
of other kinds is eaten by the Andamanese and Burmese. In the second group, of 
which the porcupine globefish (Déodon hystrix) is shown in the lowér figure of the 
colored illustration, the dental plates in the jaws are ‘undivided, and the spines are — 
large and frequently erectile. In addition to the undivided dental plates on the 
edges of the jaws, in the members of this group there is another crushing plate in 
the middle of the palate, opposed by a similar one in a corresponding position in the 
lower jaw; these plates being divided by a median suture and from their laminated 
structure forming most admirable triturating instruments. The poreupine globe- 
fish, which may measure fully a couple of feet in length, is distributed over both 
the Atlantic and Indo-Pacific Oceans, where it is accompanied by the smaller spotted 
globefish (D. maculatus). Fossil diodons have been discovered in the Miocene 
strata of Malta and Sicily, as well as in the middle Eocene of Monte Bolca, and in 
other Eocene beds on the coasts of Algeria and Arakan; while an extinct genus has. 
also been recorded from the Italian Eocene. In their normal state the globefishes 
have rather elongated cylindrical bodies, but they are able to assume a globular. 
form by swallowing air, which passes into the cesophagus and blows out the whole 
animal like a balloon, with the spines standing out at right angles from the tense 
skin. In this condition the fish naturally floats back downward, and it is then 
driven to and fro on the ocean surface by waves and currents in a perfectly helpless 
condition; although the bristling spines render it perfectly safe from all attack. 
The distension is, therefore, evidently for the purpose of defense; and it has 
been suggested that when swimming below the surface these fishes. may inflate 
themselves in a similar manner by swallowing water instead of air. When desir- 
ous of returning to its normal condition, the fish expels the air from the cesophagus 
through the mouth and gill openings; a loud, hissing noise being produced by the 
expulsion. | | | 

The gigantic sunfishes (Orthagoriscus), which are pelagic forms 
distributed throughout the whole of the temperate and tropical seas, 
alone represents the third subfamily, and are distinguished by the extremely 
short and truncated tail, the confluence of all the median fins, and the short and 
highly compressed body, the dental plates of the jaws being undivided. ‘The skin 
is either rough or smoothly tesselated, and incapable of distension with air; there © 
are no pelvic fins; the air bladder is wanting; and there is an accessory opercular 
- gill. Asin the globefishes, there are no pelvic bones in the skeleton, and the ver- 


tebral column is remarkable for its extreme shortness, there being only seventeen 
176 ; 
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segments in the whole series, of which seven belong to the tail. In all the mem- 
bers of the suborder the spinal cord is noticeable for its shortness; but in the sun- 
fishes this abbreviation has been carried to such an extent that the whole cord is 
little more than a conical backward appendage of the brain. ‘The creatures con- 
sidered to be very young sunfish are utterly unlike the adult form, having an 
enormous eye, and the head and body armed. with a number of large spine-like pro- 
jections. The caudal fin is not developed till much later than the dorsal and anal, 
which in the adult are very short, of great height, and placed opposite to one 
another at the hinder end of the bedy.. The common sunfish (O. mola), which 
has a rough, finely granulated skin, attains very large dimensions, an example 
caught off the coast of Dorsetshire in 1846 measuring seven and one-half feet in 
length, 

Far rarer is the oblong: sunfish (O. truncatus), which is, aed one of the 
 scarcest objects in musetims. It is readily distinguished by its smooth, tesselated 
skin, and the more elongated form of the body; the entire length being nearly 
three times the breadth. An example of this fish, weighing five hundred pounds, 
was taken in Plymouth Sound in the year 1734. Both species appear to feed on 
small pelagic crustaceans. In a fossil state sunfishes have been recorded from 
strata of lower Miocene or upper Eocene age in Belgium. 


THE SOFT-FINNED FISHES—SUBORDER Anacanthini 


This suborder, which includes the important families of the flatfish and cods, 
is characterized by the median and pelvic fins being entirely composed of soft 
jointed rays; the pelvic fins, if present, being either jugular or thoracic in position; 
and the air bladder, when developed, having no duct communicating with the 
cesophagus. It should, however, be mentioned, that a fresh-water Australian fish 
_(Gadopsis) forms an exception as regards the structure of its fins, having spines in 
the anterior portion of both the anal and dorsal. The suborder is divided into two 
sections, according to whether the head and body are symmetrical or distorted, the 
first representatives of the former section being 


Family LYCODIDZA. 


This unimportant family, for which there is no proper English name, includes — 
small littoral fishes much resembling blennies in general appearance, and mostly 
characteristic of high latitudes, although a few occur within the Tropics. As a 
family they are characterized by the confluence of the median fins; by the pelvic 
fins, if present at all, being of small size, jugular in position, and attached to the 
pectoral arch; while the gill opening is narrow, and the gill membrane attached to 
what is known as the isthmus, that is to say, the space on the chest intervening be- 
tween the two branches of the lower jaw and the gill openings. In the typical 
genus, of which a species (Lycodes murena) is represented in our illustration, the 
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elongated body is either naked or covered with minute scales embedded in the skin; 
the lateral line is more or less indistinct; the eyes are of medium size; and the lower 
jaw is overlapped by the upper. The small and rudimentary pelvic fins are formed 
of a few rays; conical teeth are present not only in the jaws, but likewise on the 
palatines and vomer; the gill opening is narrow; and there is neither a barbel nor 
an air bladder.. While the majority of the species (among which is our figured ex- 
ample) are from the Arctic seas a few are found in the seas surrounding the Antarc- 
tic extremity of South America. In Spitzbergen and off Behring island the eel-like 
lycodes is taken at depths of from three hundred and fifty to five hundred fathoms. 


EEL-LIKE LYCODES. 
(Two-thirds natural size.) 


In the allied genus Gymnelis, which is of especial interest from a geographical point 
of view on account of one species inhabiting the seas around Greenland, while the 
second comes from the straits of Magellan, there are no pelvic fins, and the two 
jaws are of equal length. A third genus, Uvonectes, ftom Baffin bay, agrees with 
the last in the absence of peivic fins, but differs in that the lower jaw is the longer. 
Three other genera are respectively represented by species from Panama, Australia, 
and the straits of Magellan. | 


THE Cop TRIBE — Family GADIDZ 


Equalled only in this respect by the mackerels, flatfish, salmon, and herrings, 
the cod tribe form a family of the utmost importance from a commercial point of 
view, and therefore demand a somewhat detailed notice. They are specially char- 
acterized by the pelvic fins being generally composed of several rays; and by the 
caudal being either free, or, if united with the median fins, by the first dorsal being 
divided into two moieties. More or less elongate and subcylindrical in form, the 
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body is covered with small cycloid scales; there are either one, two, or three dorsal 
fins, occupying nearly the entire length of the back, the rays of the hindmost being 
well developed; the anal is either single or divided; and the jugular pelvic fins are 
usually formed of several rays, but if reduced to filaments there is always a double 
dorsal. The gill opening is wide, and the gill, membrane in most instances not at- 
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HADDOCK, WHITING, AND YOUNG AND ADULT COD. 
(One-sixth natural size. ) 


tached to the isthmus; while if false gills are present at all they are either glandular 
or rudimental. Asa rule, there isan air bladder. Mostly marine, the members of 
the cod family are mainly characteristic of the Arctic and Temperate seas, where 
they are comparatively shallow-water fishes. There are, however, a certain number 
of deep-water types among the family, and these have a much more extensive dis- 
tribution, some of them occurring in the tropical Indian seas. The fresh-water 
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forms are limited to two or three. Although the flesh of the cod tribe is by no 
means remarkable for its delicacy or flavor, it affords a most wholesome and sub- 
stantial food, and as it possesses the property of taking salt readily, it is more val- 
uable as a food supply’ than would otherwise be the case. Moreover, the liver of 
the cod is of especial value as the source of a highly strengthening medicinal oil, 

greatly increasing the value of the fishery of this species, which affords employ- 
- ment to a host of men on both sides of the Atlantic. The family is divided into 
more than twenty distinct genera, but in this work our attention will be chiefly con- 
centrated on those containing species of commercial importance. Geologically the 
group is not a very ancient one, the oldest known forms, all of which are referred — 
to extinct genera, occurring in the London Clay and other deposits of lower 
Eocene age. | ese : 3 | 
| The common cod (Gadus morrhua) of which a half-grown and an 
adult example are shown in the two lower figures of our illustration 
is the typical representative of a genus primarily characterized by the presence of 
three dorsal and two anal fins, and of teeth on the vomer, the palatine bones being 
toothless. The degree of elongation of the body is moderate, and the narrow pelvic 
fins include six or more rays. In the majority of the eighteen species recognized 
by naturalists there is a single barbel dependent from the chin, but in some forms 
this is absent. The species are distributed over the Arctic and Temperate regions 
of the Northern Hemisphere. The common cod belongs to a group of several spe- 
cies characterized by the upper jaw being the longer, and the outer series of upper 
teeth stouter than the inner ones; its barbel is relatively long. Cod from the British 
seas and German Ocean are usually greenish or brownish olive in color, with a num- 
ber of yellowish or brown spots; but more to the north darker, and often uniformly-_ 
colored specimens are more common, while in the race from Greenland, Scandi- ~ 
navia, and Northern Norway there is frequently a large, irregular black patch on 
each side of the body. As a rule, cod vary in length from two to four feet, and 
may weigh as much as one hundred pounds; but a specimen out of condition, 
caught near Wick in the year 1872, measured upward of four and one-half feet. 
The range of the cod includes the coasts of Northern Europe, Iceland, and Green- 
land, whence it descends on the American coast as far as the latitude of New York; 
the depth at which the fish is found extending as low as one hundred and twenty 
fathoms. In Britain the spawning time is in January, at which season these fish 
resort to the shores:in great numbers, although at other times of the year they are 
only found in the neighborhood of land singly. In America cod do not deposit 
their spawn till May. The great fisheries are those.of the Dogger Bank in the 
North Sea, Iceland, and the banks of Newfoundland; the product of the latter area 
having been formerly the greatest of all, its average value some twenty years ago 
being estimated at upward of $3,000,000, of which $2,000,000 was accounted for by 
the dried fish alone, the remainder being made up by the oil, skins, etc. "The cod — 
is an exceedingly productive fish, Buckland stating that the number of eggs in a roe 
weighing seven and three-fourths pounds, was close on seven millions. Cod feed 
on various crustaceans, worms, mollusks, and small fish; and since they always fre- 
quent comparatively deep water, they are caught by means of lines. 
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Belonging to the same group of the genus as the common cod, the 
haddock (G. @wglefinus), which is shown in the left upper figure of the - 
illustration on p. 2804, may be always recognized by the blackish patch on each 
side of the body above the pectoral fin, and the black lateral line. © Generally 
haddock vary in weight from one-half to four pounds, but in northern seas 
they attain a larger size than further south, and measure as much as a yard in 
length. In England the largest haddock are taken in winter, when they resort 
to the coast for the purpose of spawning. They generally associate in large 
shoals; and in stormy weather seek shelter in deep water among seaweeds, 
when it is useless to attempt fishing for them. In addition to crustaceans and 
other invertebrates, their food comprises small fishes of various kinds. Had- 
dock are largely consumed when split, dried, and smoked. ‘They range across 
the Atlantic. 


Haddock 


By far the most ‘delicately: flavored British representative of the 
genus is the whiting (G. merlangus), shown in the right upper 
corner of the illustration on p. 2804, which differs from all the preceding species in = 
the absence of a barbel on the chin, and is specially distinguished by a black spot 
near the root of each pectoral fin. The usual weight is about one and one-half 
pounds; four pounds being nearly the maximum attained. The distributional area 
of the whiting is restricted to the seas of Northern Europe, where it is found in vast 
‘shoals; Plymouth being one of the British localities where these fish occur in great 
abundance. Very shy in its habits, the whiting is a voracious fish, Yarrell stating 
that several sprats have been taken from the stomach of one, while in another of 
four pounds weight were found four full-grown pilchards. The same writer states 
that it appears to prefer sandy banks, but frequently shifts its ground in pursuit of. 
the fry of various other fishes on which it chiefly feeds. Next to the mackerel, 
the whiting suffers more by transport than any British sea fish, and should be 
eaten as soon as possible after capture. Another species with a black spot near 
the pectoral fin is the pout, or whiting pout (G. /uscus), which may be at once | 
distinguished from the whiting by the barbel on the chin, and the greater depth of 
the body, which during life is marked with dark cross-bands. Seldom exceeding 
five pounds in weight, this fish ranges from Scandinavia to the Mediterranean, but 
does not cross the Atlantic. The name of pout is derived from the power pos- 
sessed. by this fish of inflating the membranes covering the eyes and adjacent 
regions into a bladder-like form. Nearly allied is the much smaller power cod (G. 
minutus), which seldom exceeds half a dozen inches in length, and may be further 
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distinguished by the small proportionate depth of the body. Found in vast shoals 


in the Baltic, the power cod, although of little or no value, is always welcomed as 
the harbinger of the advent of its larger cousins. The pollack, or whiting pollack 
(G. pollachius), is a British representative of the group in which the lower jaw is 
the longer, and all the upper teeth are of equal size; it has a dark spot near the pec- 
toral fin, but no barbel. This fish is an inhabitant of European seas as far as the 
western portions of the Mediterranean. Haunting rocky ground, pollack are fa- 
mous for their power of withstanding strong tides and currents; they are very com- 
mon in many parts of the south coast of England, as Devonshire, but become 
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scarcer to the north. Being free biters, they afford good sport with the line. The 
coalfish (G. vzvens) is a closely allied but somewhat larger form, more northern in 
its distribution, and taking its name from the black color it frequently assumes. 
This fish is very common in the Baltic and other northern seas, numbers being 
captured in the Orkneys. The largest specimen on record appears to be one men- 
tioned by Buckland, which measured just over three and one-half feet in length, 
and scaled twenty-five pounds. 

Before referring to this species it may be mentioned that a deep- 
sea cod (Halargyrcus), which has been taken off Madeira and New 
Zealand, belongs to a small group characterized by having two dorsal and two anal 
fins. On the other hand, the hake (Werluccius vulgaris) is the British representa- 
tive of a genus belonging to a much larger group, characterized by having two 
dorsals, a single anal, and a separate caudal fin. As a genus, the hakes are dis- 
tinguished by the strong development of the pelvic fins, which are broad at the 
base, as well as by the presence of strong teeth on the jaws and vomer, and the 
absence of a barbel. The common hake is found on both sides of the North 
Atlantic and other European seas; and is represented in the colder seas of South 
America, as well as in those of New Zealand, by the allied JZ gayz. The hakes 
are peculiar in having the transverse processes of some of the trunk vertebrze 
expanded and inflated, so as to form a kind of roof over the air bladder. In size 
the common hake is a rather large fish, reaching two or even three feet in length. 
On the Cornish coasts, which they frequent in numbers in pursuit of the shoals of 
pilchards, hake have been taken in vast quantities, upward of forty thousand 
having once been landed in a day at Mount’s bay, while on another occasion eleven 
hundred were taken in two nights by a single boat. When captured in the pil- 
chard nets, these fish generally gorge themselves to such an extent on their fellow 
captives as to become completely helpless. Although the flesh is coarse and of 
inferior flavor, large numbers of hake are dried and salted. 

As an example of a fresh-water representative of the cod family, 
we may refer to the well-known burbot or eelpout (Lota vulgaris) 
which is the sole member of its genus, and is common in the rivers of Central and 
Northern Europe and North America. Belonging to the group with two dorsals, 
one anal, and a distinct caudal, the genus Lofa has the first dorsal fin well 
developed, with from ten to thirteen rays, the pelvics with several rays, the head 
flattened, the body much elongated, and villiform teeth in the jaws and on the 
vomer. ‘The chin is furnished with a barbel. In length the burbot exceeds a yard, 
and its flesh ranks high among fresh-water fish. Its form is shown in the upper- 
most figure of the illustration on p. 2808. In Britain found only in the east of Eng- 
land, where it is not uncommon in the Cam and the Ouse, the burbot is widely 
distributed on the Continent, frequenting alike large rivers, small streams, lakes, 
and pools. It prefers, however, deep to shallow water, being found in large lakes 
at a depth of from thirty to forty fathoms; its color being then paler than is the 
case with specimens from shallower water. From its habit of lying concealed 
beneath stones or in holes on the river bank, the burbot in some parts of England 
is known as the coney fish. Its food consists of the fry of other fishes, or the 
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adults of the smaller kinds; and it is stated to be particularly destructive to the 
perch. In the spawning season, which varies considerably according to localities, 
burbot are in the habit of congregating in large numbers; and in some of the 
German rivers masses of these fishes, including as many as a hundred individuals, 
may be found knotted Weert after the fashion of eels. . While some burbot spawn 


BURBOT AND WELS, immature. 
(One-fourth natural size.) 


in November and December, in others the function is delayed till March; and it is 
during the spawning season that the fish is in the best condition for the table. The 
burbot is a fish of slow growth, not attaining full maturity till it is upward of four 
years old. , 
Distinguished from the burbot by the presence of several enlarged er in the 
lower jaw and on the vomer, the ae (Molva vulgaris) may be regarded peel 
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as a marine representative of that genus. The common ling, which 
generally measures from two to three feet in length, is a northern 
form, ranging from the coasts of Greenland and Iceland to those of» 
Britain and other parts of Northern Europe. In this fish the upper jaw is the 
longer, but the reverse condition obtains in a second Scandinavian species, and also 
in a third from the Mediterranean, which are the only other representatives of the 
genus. The ling fishery is an important industry, large quantities of these fish 
being cured and dried. Belonging to the same group of the family as the ling, the 
rocklings (M/otella) are readily distinguished by the reduction of the first of the 
two dorsal fins to a narrow-rayed fringe, with the first ray elongated, more or less 
completely received in a longitudinal groove. There is a band of teeth in the jaws, 
and another on the vomer, and all the species have barbels, not only on the chin, 
but likewise on the muzzle, the number of these appendages affording the readiest 
means of specific discrimination. They are all of small size, and while ranging over 
the same seas as the ling, likewise extend to those of Japan, the Cape, and New 
Zealand. ‘The British representatives of the genus include the five-bearded rock- 
ling (JZ: mustela) with four upper barbels, the four-bearded rockling (4. cimbria), 
and the common three-bearded rockling (7. tricirrhata); the little fish commonly 
known as the mackerel midge, and formerly regarded as the representative of a 
distinct genus being only the young of the rocklings. 7 

Brief mention may be made here of a fish from the Northern, Temperate, and 
_ Arctic seas, known as the torsk (Bvosmius brosme), on account of its forming the 
sole representative of a group characterized by having only a single long dorsal and 
a shorter singie anal fin, the caudal being distinct, the narrow pectorals formed of 
five rays, teeth present on the vomer and palatines, as well as in the jaws, and the . 
chin furnished with a barbel. Attaining a length of a little over twenty inches the 
torsk is occasionally taken in the Firth of Forth, and is abundant round the Shet- 
lands and Orkneys. ; 
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SAND EELS AND THEIR ALLIES—Family OPHIDIJDZ 


In this rather small family, almost all the members of which are marine, the 
pelvic fins, if developed at all, are rudimentary; there is no separate anterior dorsal 
or anterior anal, and the caudal is generally confluent with the median fins. In 
form the body is more or less elongate, but it may be either naked or scaled. The 
dorsal fin occupies the greater portion of the back; the rudimentary pelvics are 
jugular in position; the gill openings are wide; and the gill membranes are not 
attached to the isthmus. While some of these fishes are deep-sea forms, others are 
littoral. The family may be divided into five subfamily groups. 

The most remarkable representatives of the first subfamily (in 
which pelvic fins, attached to the pectoral girdle, are always present) 
are two small fishes from the subterranean fresh waters of certain caves in Cuba, 
constituting the genus Lucifuga. ‘They are totally blind, with the eyes rudimental 
and covered with skin, or wanting, and always live in perpetual darkness. ‘The 
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cave fish are closely allied to certain small fishes from the tropical Atlantic and 
Indian Oceans forming the genus 47otw/a, and characterized by the elongate body 
being. covered with minute scales, the moderate-sized eyes, the reduction of 
each pelvic fin to a single filament, of which the extremity may by split, the 
villiform teeth, and the presence of barbels on the muzzle; these barbels being 
‘reduced in the cave fish to small tuberclés: With the exception of these cave 
fish, all the members of this family are marine forms; and it is very curious that 
among the latter there are two very rare species, respectively constituting the 
genera Zyphlonus and Aphyonus, found at great depths in the southern oceans, 
which are are also completely blind, and apparently unprovided with any phos- 
phorescent orgaus. ' | . 

‘The typical genus Ophzdiwm, constituting, with an allied form, the 
| second subfamily, has the pelvic fins replaced by a pair of barbel-like 
filaments; the elongated and compressed body being covered with very minute 
scales, while the eyes are medium, and the teeth small. The few species of this 
genus range over the Atlantic and Pacific. In the South American, South African, 
and Australasian seas there occur three much larger but nearly allied fishes, which 
have been referred to a second genus (Genypierus), on account of the outer row of 
teeth in the jaws, as well as those of the single palatine series, containing some 
enlarged tusks. These fish are of considerable commercial importance, and are 
_ known at the Cape as A/ipvisch, and in New Zealand as Cloudy bay cod, or ling. 

Some half-score species of very small eel-like fishes, scientifically 
known as fierasfer and Encheliophis, and inhabiting the Mediter- 
ranean, Atlantic, and Indo-Pacific, have an especial interest on. account of their 
curious mode of life. They 
constitute a subfamily, 
readily characterized by the 
total absence of pelvic fins 
and by the vent being situ- 
ated at the throat; and are 
parasitic in other marine 
animals, frequenting the 
hollows in the bodies of jelly- 
fish, the breathing chambers 
of starfishes and sea cucum- 
bers, and sometimes insinu- 
ating themselves between the _ 
layers of the mantle of pearl 
mussels or other bivalve 
, mollusks. Occasionally they 
may become embedded in the substance of the shell of the pearl mussel by the 
deposition of pearly matter over their bodies; an instance of this peculiar mode of 
preservation being shown in the accompanying illustration. - 7 

The third subfamily is represented by the well-known sand eels or launces —of 

which a British species (Ammodytes tobianus) is figured in the illustration —so 
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abundant on sandy shores in Europe and North America, as well as by 
an allied genus from Madras. While agreeing with the preceding group - 
in the want of pelvic fins, they differ in having the vent situated far back in tne 
body; and are further characterized by the great width of the gill openings, the 
gill membranes of opposite sides not being united. The lower jaw exceeds 
the upper in length, the dorsal fin occupies nearly the whole length of the back, and 
the anal is likewise elongated. The figured species, which is by far the commoner 
on the British coasts, generally measures from five to seven inches in length, 
whereas the greater sand eel (4. /anceolatus) may grow toa foot anda half. Sand 
eels feed on marine worms and very small fish; and when buried in the sand are 
captured in some parts of England by raking the sand with a long-pronged rake; 
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their chief use being for bait. ‘They are, however, by no means restricted to this 
kind of life; frequently swimming near the surface in large shoals, when they will 
at times suddenly descend to the bottom, where they bury themselves with sur- 
prising rapidity by the aid of the elongated horn-like extremity of the elongated 
lower jaw. During ebb tide, numbers remain buried at the depth of five or six 
inches in the sand till the next flood; and it is then that they are dug out with 
rakes or other implements. When swimming they are followed by shoals of 
mackerel and porpoises.’ 

The last group of the fanailee'd is i Zonseventan by ne of the 
Australian coasts, and Hlaliophis from the Red Sea, both of which 
differ from the sand eels by the narrower gill CPSULUee, and the union of the two 
gill membranes beneath the throat. 


Conyrodus 


THE LONGTAILS— Family IZACRURID_Z 


The fourth family of the symmetrically-formed soft-finned fishes is typically. 
represented by the genus Macrurus, as well as by several allied forms. ‘These fish 
are characterized by the body ending in a long, compressed, and tapering tail, cov- 
ered with spiny, keeled, or striated scales, and unprovided with an expanded fin. 
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There i is a separate short first dorsal fin, ‘followed, after a short interval, by a very 
long and low second dorsal, which is composed of very weak rays, and is continued 
to the end of the tail; the anal occupying a precisely similar position on the under 
surface, and the thoracic or jugular pelvic fins consisting of several rays.. Dr. 
Giinther writes that ‘‘ this family, known a few years ago from a limited nalahee orn, 
examples, representing a few species only,:proves to be one which is distributed 
over all oceans, occurring in considerable variety and great abundance at depths of 
from one hundred and twenty to two thousand six hundred fathoms. ‘They are, in 
fact, deep-sea gadoids, much resembling’ each other,in the general shape of the 
body, but differing in the form of the snout, and in the structure of their scales. 
_ About forty species are known, many of which attain a length of three feet.” 


THE FLATFISHES— Family PLEURONECTID& 


Distinguished by the unsymmetrical conformation of the head and anterior 
region of the body in the adult, in consequence of which both eyes are brought on 
to one side of the body (in some cases the right, and in others the left), the flat- 
fishes differ not only from all other members of their class, but likewise from all 
other vertebrates. The body is strongly compressed and flattened, with the side 
which is turned upward, and on which are situated the eyes, colored dark, while 
the opposite, or eyeless side is, as a rule, colorless. The bones of the head are 
unequally developed and unsymmetrical; and the dorsal and anal fins are of 
great length, and undivided, the former often extending forward so as to separate 
the blind from the eyed side of the head. In the most specialized forms the teeth 
and jaws are more developed on the lower or blind side than on the other, and there 
is no air bladder. Dr. Cunningham, who has paid special attention to the structure — 
of these fishes, writes that ‘‘ mere dissection of adult specimens show that the 
anomalous position of the eyes is due to a distortion of the facial region of the skull. 
The cranial region of the skull is but slightly altered, but the interorbital parts of 
the two frontal bones are bent away from their original position in the dorsal 
median line down to the side of the head, and they are also compressed into a thin 
plate. But the eyes have pretty nearly the same relation to the interorbital septum 
as in an ordinary fish. ‘There is one eye on each side of the septum as usual. It 
is, in fact, the curious condition of the dorsal fin in the flatfish, even more than the 
mere distortion of the eyes, which makes it so different from the ordinary fish. If 
the fin terminated some distance behind the eyes, or if it was prolonged in the 
direction it ought to follow, that is along the line which divides the two frontal 
bones from one another, it would be plain at a glance which was the left side of the 
head and which the right. _It would then be obvious that the left eye was still on 
the left side of the head, and the right eye on the right. But the dorsal fin does 
neither of these things. The external ethmoid bone belonging to the blind side is 
much enlarged, and sends back a process outside the eye belonging to that side to 
meet another process from the cranial region of the skull. Thus the eye which has 
migrated — the upper eye when the fish is held in a vertical plane —is inclosed in a 
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complete bony orbit, while the lower eye is merely bounded on its outer side by the 
jaw muscies. It is on this bony bridge, entirely foreign to the anatomy of an ordi- 
nary fish, that the dorsal fin supports itself in its advance towards the snout. 
Properly speaking, the léft side of the face in a plaice, for instance, extends from 
the ventral edge, or chin, to the line between the eyes, but the dorsal fin in its 
anterior extension divides this side of the face into two parts.’’ ; 

The pigment-bearing elements in the coloration of the dark side of flatfish are 
known as chromatophores; and while these are absent from the light side, the so- 
called silvery layer is present on both. Young flatfish, which are generally met 
with in the open sea, are transparent and perfectly symmetrical, with one eye on 
each side of the head, and swim in the vertical plane like ordinary fishes. That flat- 
fishes have originated from symmetrical ancestors is quite evident, their individual 
metamorphosis indicating the manner in which the evolution took place. As to the 
inducing causes of this evolution and metamorphosis, there is still some difference of 
opinion; but as it is a subject which does not come within the province of this 
work, it need not be further alluded to. There are, however, certain experiments 
with regard to the normal absence of coloration on the under surface of these fish 
which are of sufficient interest to merit a brief notice. Knowing, as we do, that 
among plants absence of light leads to the deprivation of color, it was thought highly 
probable that the same might be the case with regard to flatfish, more especially 
since the absence of coloration in the olm among the Amphibians is clearly due to 
the same cause. ‘To test this, flounders were kept in a tank, in which, by the help 
_ of a mirror, light was so introduced as to give to the fishes the unwonted experience 
of illumination ascending from below instead of coming down from above. The experi- 
ment was conducted for several months; some of the flounders died, in others nogreat . 
effect was produced, but in some cases the white surface became marked over with 
pigment. This experiment demonstrates that the capacity for colorization existed in 
the skin, but that light was wanted to call it into action; and it may also be inferred 
that the incidence of light must in general be the reason why the upper surfaces of 
animals are more strongly pigmented than the lower. Occasionally what are known 
as ‘‘double flatfish’’ are met with, that is specimens in which both sides are colored, 
and one eye situated on the edge of the head ; such monstrosities having been ob- 
served in the turbot, flounder, plaice, sole, etc. In one turbot the right eye was on 
the edge of the head, so that the dorsal fin, instead of extending, as usual, to the 
front of the head, was separated therefrom by a concavity, the right side being col- 
ored like the left, although somewhat less strongly. It has been thought that these 
‘double fish’ swam about in a vertical position, M. Giard stating that he has actu- 
ally seen a turbot so doing. But Dr. Cunningham writes that there is ‘‘ no satis- 
factory evidence at present that the monstrous specimens, whose metamorphosis is 
permanently arrested, swim about, in whatever position, any more frequently, or 
rest on the ground less constantly than their normal brethren. I have under ob- 
servation a living double specimen of the plaice; its eye is on the edge of the head, 
the dorsal fin terminates behind the eye, and the posterior three-fourths of the lower 
side are colored like the upper, the anterior fourth being white. This specimen, 
instead of showing a tendency to continue swimming in the water, cannot even be 
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induced to leave the bottom long enough to enable me to see whether it holds itself 
perfectly horizontal or not. I have never seen it leave the bottom of its own accord; 
it lies always buried in the sand up to its eyes, and, when disturbed, makes violent 
struggles to bury itself again.’ 

When lying on the sandy bottom of the sea — and ee prefer sandy to muddy 
situations — flatfish are almost indistinguishable from their inanimate surround- 
ings, the spots with which the bodies of many of them are marked harmonizing ex- 
actly with the bright-colored pebbles strewing the sand. ‘This resemblance is, 
perhaps, carried to the fullest extent,in the flounder, as anyone who visits a large 
aquarium may ascertain for himself. Occasionally rising to the surface, they swim 
with an undulating lateral movement of the body, which is decidedly-graceful; and 
they are found in shallow water, or at moderate depths. ‘They are inhabitants of 
all seas, except those of the polar regions, and where the coast is precipitous and 
rocky; and although more numerous in the tropics, they attain their greatest devel- 
opment in point of size in the temperate regions. Many species, such as flounders, 
ascend rivers to a considerable distance; and a few have become accustomed to a 
fresh-water existence. As regards food, the whole of the species are exclusively 
carnivorous. . In the fossil state the flatfish are but poorly represented, and it is 
probable that they were not evolved till the commencement of the Tertiary period; 
_the earliest known forms being a turbot from the middle Eocene of Monte Bolca, 
while a fossil sole has been described from the Miocene of Wurtemberg. As a food 
supply the flatfish are of especial value, not only on account of the large size, and 
abundance of their numerous representatives, but likewise from the excellent 
quality and flavor of the flesh of the majority of these. It is on the coasts of the 
temperate regions of the Northern Hemisphere that the pursuit of these fish is car- 
ried out with the greatest energy and success. 

The least specialized member of the family (Psettodes evumet), er 
ranges from the Red Sea through the Indian Ocean to China, and also 
occurs on the west coast of Africa, belongs to a group in which the teeth and jaws 

are nearly equally developed on both sides, and is specially distinguished by the 
dorsal fin commencing on the nape of the neck, whereas in all the other forms it starts 
from above or in front of the eyes. In the Indian fish, which attains a length of 
about sixteen inches, the eyes are as frequently on the right side as on the left side, 
and the transposed one is situated nearly in the line of the dorsal fin.. This species 
is a connecting link between the other members of the family and ordinary fishes, 
and i is reported to swim at times in a vertical position. 

Having the jaws nearly equally developed on both sides, and ries 
dorsal fin commencing above the eyes, the holibut (A/zfpoglossus vul- 
garis) is one of two species forming a genus characterized by the eyes being on the 
right side, and the teeth of the upper jaw arranged in a double series, those in the 
front of the upper and on the lower jaw being enlarged. The mouth is relatively 
wide. Incolor the holibut is dusky brown, frequently inclining to olive, on the 
dark side; the opposite side being white and smooth. It is the largest member of 
the family, ranging usually from three to six feet in length; one specimen with the 
latter length having a breadth of thirty inches, and a weight of one hundred and 
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sixty-one pounds. It is stated, however, that an example taken in the early part 
of the last century off the Isle of Man was nearly double that weight. Holibut are 
found near all the northern coasts of Europe, as well as those of Kamchatka and 
California, generally frequenting banks at some distance from the shore, in water of 
from fifty to one hundred fathoms in depth, where they often associate in consider- 
able numbers. The flesh is coarse, and of inferior flavor. This fish is shown in 
the upper figure of the colored plate. : 

In the genus typically represented He the turbot (Rhombus maxt- 
mus) the dorsal fin commences on the muzzle in advance of the eyes; 
the eyes are on the left side; the mouth is wide; and the jaws are furnished with a 
single series of equal-sized villiform teeth, while there are also teeth on the vomer. 
Scales are either very small or wanting. The genus includes seven species, ranging 
over the North Atlantic and Mediterranean, but those on both sides of the At- 
lantic are different. The turbot, which attains a yard in length, and is by far the 
best food fish of its tribe, is exclusively European, and has the pelvic fins distinct 
from the anal, and no scales; the general color being grayish or brownish, some- 
times spotted with a darker tint. On the other hand the brill (RA. levis), which 
is likewise European, is a smaller fish, of more oval shape, with the body and all 
the head, except the muzzle, covered with minute scales; its color being grayish 
brown, with reddish brown spots. Turbot commonly weigh from five to ten pounds, 
_and occasionally reach twenty or even thirty, while considerably greater weights 
have been recorded. Another British representative of the genus is the Marysole 
(Rh. aquosus) which may be distinguished by its ciliated scales; while a fourth, 
known as Block’s topknot (A. punctatus) differs from all the foregoing by having 
the pelvic fins confluent with the anal. The true topknot (Phrynorhombus unima- 
_ culatus), which is a small form not uncommon on the southern coasts of England, 
and abundant in the Mediterranean, is referred to a distinct genus on account of the 
absence of vomerine teeth. A turbot is shown in the central figure of the colored 

plate. 
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The plaice (Pleuronectes platessa) and flounder (/Y. flesus) of 
which examples are shown in the right lower corner of the colored 
plate are examples of a genus pertaining to a group characterized by 
the narrowness of the cleft of the mouth, and by the jaws and teeth being much 
more developed on the light than on the dark side. Unlike the turbot and its” 
allies, where the upper is somewhat behind the lower, the two eyes are in the same 
transverse line, and generally situated on the right side. The dorsal fin commences 
above the eyes; the scales are minute or wanting; and there are no teeth on the 
palate, while those in the jaws are of medium size, and may be arranged in either a 
double or a single row. The genus, which is common to the Northern, Temper-. 
ate, and Arctic seas of both Hemispheres, contains ‘over a score of species, which 
may be divided into groups according to the form of the teeth, the number of rays 
in the dorsal fin, and the conformation of the lateral line. ‘The plaice, which ranges 
from the French coasts to Iceland, and is represented by an allied form on this 
side of the Atlantic, belongs to a group with compressed, lanceolate, or trun- 
cate teeth, and no fewer than ninety dorsal rays; it has the brownish upper sur- 
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face marked with bright yellow spots. This species is exclusively marine, but the 
flounder is almost as much a fresh-water as a sea fish, ascending rivers to a consid- 
erable distance. Distinguished from the plaice by the dark mottlings on the 
brownish or brownish yellow skin of the upper surface, it belongs to a group in 
which tke teeth are conical; the lateral line being very slightly curved in front, and 
the scales minute. Its distribution is practiéally the Same as that of the plaice, and 
it is represented by an allied species in the Mediterranean. 

In the plaice and its allies the pectoral fins are always wel devel- 
oped, but in the group,to which the common sole (Solea vulgaris) be- 
longs these may be wanting, while the upper eye is always somewhat in advance of 
the lower one, both being on the right side. Asa genus the numerous species of 
soles (somewhere about forty in number) are characterized by the median fins being 
separate from one another, and the ctenoid scales; the dorsal fin commencing on the 
muzzle, and the lateral line being straight.. The cleft of the mouth is very narrow, 
and twisted round to the left, or blind side; and it is on this side only that villiform 
teeth are developed in the jaws, the palate being toothless. With the exception of 
‘the lower south temperate zone, soles are distributed over all temperate and tropi- 
cal coasts in localities suited to their habits; many of the species entering, or even 
dwelling permanently in fresh waters. ‘The common sole, which is found on the 
coasts of the greater part of Europe, has both pectoral fins well developed, and the 
nostrils of the blind side very narrow; the general color being dark brown, with 
the tips of the pectoral fins blackish. Large specimens may weigh as much as five 
or six pounds, and a fish of nine pounds in weight is on record. Soles are taken 
by trawling; the best ground in England being along the south coast from Dover to 
Devonshire. The lemon sole (.S. auvantiaca), which is a more southern form, rang- 
ing from the south of England to Portugal, and living in deeper water, is one of a 
group characterized by one of the notrils of the blind side being dilated and sur- 
rounded with a fringe of papillz. It is smaller and wider than the common species, 
-and orange or light brown in color, dotted over with numerous small brown: spots. 
_ Other British species are the banded sole (S. varzegata) and the dwarf sole (S. 
minuta), both belonging to a group characterized by the small size.of the pectoral 
fins. ‘The Mediterranean sole (.S. monochir) is peculiar in lacking a pectoral fin on 
the blind side; while the Japanese sole (S. japonica) is one of two species in which 
both these fins are absent. ‘The common species is shown in the left lower corner 
of the colored plate. 

On account of the rudimentary condition of their eyes we must 
not omit mention of the blind soles, which are divided into two 
genera, the one (Soleotalpa) characterized by the separation of the median fins, 
which are confluent in the other (Afzonichthys); pectoral fins being wanting 
in both. Each genus is represented only by a single species; So/eotalba com- 
ing from the West Indies, while the habitat of the other. species appears to be 
unknown. 
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THE TUBE-BLADDERED FISHES — SUBORDER Physostomi 


It has been already stated on p. 2702 that the whole of the four preceding sub- 
ordinal groups of the bony fishes are regarded by Professor Cope as constituting but 
a single suborder (Physoclysti) characterized by the absence of a duct to the air 
bladder, the separation of the parietal bones of the skull by the supraoccipital, and 
by the pelvic fins being usually thoracic or jugular in position. The group to which 
we now come, including the whole of the remaining representatives ot the existing 
bony fishes, differs from the above in that the air bladder, when present, has a duct 
communicating with the stomach .or cesophagus, while the pelvic fins are always 
abdominal in position, and the parietal bones are usually in contact with each other. 
With regard to the constancy and importance of these characteristics of the present 
suborder, Professor Cope writes that the presence of the duct from the air bladder 
which characterizes it, ‘‘is always associated with an abdominal position of the 
pelvic fins and cycloid scales, and mostly with the presence of the precoracoid arch, 
the entrance of the maxillary bone into the border of the mouth, and the non- 
separation of the parietal bones by the supraoccipital. Yet none of these character- 
istics are precisely associated at the point of change in each, for there are Physosto- 
mous fishes with separated parietals and ctenoid scales (some Cyprinodontide), and 
there are Physoclysti with abdominal pelvic fins.’’ ‘In the present suborder, with 
the exception of the first in the dorsal and pectorals, which may be ossified into 
spines, all the fin rays are soft and jointed. Very different views obtain as to the . 
best mode of arranging the families constituting the suborder, and a final classifica- 
tion is still a desideratum. By Professor Cope the families have been arranged ina - 
‘number of sectional groups, mainly distinguished by the structure of the skeleton; 
and a modification of this arrangement is adopted here, although fewer groups are 
recognized. It is, however, impossible to enter here into the consideration of the 
osteological features by which these sections are distinguished, and we are accord- 
ingly compelled to rely mainly on external characteristics. 


THE EELS AND THEIR ALLIES—Families WUR_ZNIDZ, 
SYMBRANCHID, and GYMNOTIDZ 


The whole of the members of these three families are characterized by the 
elongated, “‘ eel-like’’ form of the body; but it is quite probable that this external 
similarity is due to parallelism in development, and that the three families have 
been independently derived from very different types of more normally formed 
fishes. The first family, which includes the true eels, murzenas, and congers, is 
characterized by the normal structure of the upper jaw, which is formed in front by 
the premaxillee (more or less confluent with the vomer and ethmoid) and laterally 
by the toothed maxille.: The median fins, when ‘present, are either confluent or 
separated by the projecting tail; the pectorals may or may not be developed; but 
the pelvic pair is invariably wanting. There are no accessory breathing organs; the 
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stomach has a blind appendage; the vent is generally situated far back, but may be 
near the pectoral fins; and the ovaries have no ducts. Externally the skin may be 
either completely naked, or may contain rudimental scales. In the skeleton the 
pectoral arch is unconnected with the skull, and attached to one of the earlier ver- 
tebree. Eels are found in the fresh waters and seas of. the greater part of the tem- 
perate and tropical regions; some living at abyssal depths in thé ocean. The young 
of some forms are pelagic for a portion of their existence; and it is believed that a 
large number of the so-called Leptocephali (see p. 2690), or glass eels, are abnor- 
mal larvee of this family. Geologically the family is a comparatively ancient one, 
true eels having been discovered in the Chalk of the Lebanon, as well as in the 
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Tertiaries of Europe. Congers referred to the existing genus Ophichthys have been 
described from the middle Eocene of Monte Bolca, and there is alsoan extinct genus 
from the latter deposits, and a second from the London Clay. | ; 

The mureenas are large marine eels remarkable for their bright 
spotted or mottled coloration, and taking their name from the species 
here figured (J/urena helena) which was socalled by the ancient Romans. Belong- 
ing to a small section of the family characterized by the gill openings into the 
pharynx being in the form of narrow slits, they are specially distinguished by the 
median fins being well developed, and the total absence of pectorals. ‘The skin is 
scaleless; the mouth is well furnished with teeth; and there are two nostrils on each 
side of the muzzle, the front pair being tubular; while the hinder ones may be either 
tube-like or mere flat openings. The murzenas, of which there are more than eighty 
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species, are distributed over all tropical and temperate seas, and a few ascend tidal 
rivers. The majority of them are armed with formidable teeth — which frequently 
alter considerably with age—adapted for seizing the fish on which they feed. 
‘‘ Large specimens thus armed,’’ writes Dr. Giinther, ‘‘ readily attack persons in 
and out of the water; and as some species attain a length of six or eight feet, they 
are justly feared by fishermen. ‘The minority of species have obtuse and molar- 
like teeth, their food consisting chiefly of crustaceans and other hard-shelled ani-— 
mals. Most of the murzenas are beautifully colored and spotted, some in a regular 
and constant manner, while in others the pattern varies in a most irregular fashion; 

they have quite the appearance of snakes.’’ The figured species, which ranges from 
the Mediterranean to the Indian Ocean and Australia, has the ground color a rich 
brown, upon which are large yellowish spots, each dotted with small spots of brown. 
The finless mureenas (Gymnomurena), of which half a dozen species have been 
described from the Indian and Pacific Oceans, differ in the reduction of the fins toa 
rudiment near the end of the tail. 

The typical eels, familiar to all in the form of the common European 
species (Anguzlla vulgaris), agree with the great majority of the fam- 
ily in having the gill openings into the pharynx as wide slits. ‘The skin contains 
small scales embedded in its substance; the upper jaw does not project beyond the 
lower; the small teeth are arranged in bands; the narrow external gill openings are 
‘situated at the base of the well-developed pectoral fins, and the dorsal fin com- 
mences at a considerable distance behind the back of the head. Eels, of which there 
are numerous species, appear to be distributed throughout the fresh waters of the — 
habitable portions of the globe, being reputed to be absent only from those of the 
Arctic regions,and probably also from cold elevated districts like Turkestan and Tibet. 
-The common European eel is spread over the greater part of Europe and the 
Mediterranean area—although unknown in the Danube —and reappears in the 
United States. The so-called grig, or glat eel, characterized by its lighter color, 
broader head, and snout, and the more backward position of the front of the dorsal 
fin, has been generally regarded as a distinct species, although this is not admitted 
by Day. About a yard is a good size for an eel, although much longer specimens 
are on record. Few subjects have given rise to more discussion than the mode of 
propagation of eels, and as this must be noticed in some detail, we take the follow-— 
ing extracts from a paper published a few years ago by the last-named observer. 
After mentioning the difficulties that took place in the identification of female eels, 
the author states that when this point was cleared up, naturalists became rather 
puzzled where to look for the male element, so the idea took root that these fishes 
might be hermaphrodites. It was observed that in addition to the frill-shaped band. 
forming the undoubted ovaries, there was a second fatty band running along one 
side of the intestines, in which milt was erroneously stated to have been discovered. 
In 1873, however, an organ was discovered in an eel of sixteen inches in length, 
which ‘was correctly identified with the male element, since which date numerous 
males, which are generally of smaller size than the females, have been recognized. 
‘“For the generation of eels it would seem, so far as we are at present aware, that 
the presence of salt water is a necessity, for it has been observed that when these 
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fish leave rivers and brackish waters for the sea, their reproductive organs have 
scarcely begun to develop. But their maturing in the sea must be rapid, because 
in five or six weeks they have arrived at a breeding condition. This rapidity of 
maturing in the breeding organs would seem to be the cause of extretne exhaustion. 
Consequently, after the breeding season is over, eels die, similarly. to lampreys, and 


EELS IN THE MUD.. 
(One-eighth natural size.) 


several other piscine forms; and this furnishes the explanation why, subsequent to 
this period, old eels are not observed reascending rivers.’’ After describing the 
appearances of the reproductive organs in fully-developed eels of both sexes, as well 
as those of sterile individuals, Day observes that ‘‘ it becomes necessary to allude to 
the localities in which each of these forms may be found. Here, again, imagina- 
tion seems to have mixed up fact with fiction, and it has been maintained that 
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should very young eels be introduced .from the mouths of rivers into inland 
pieces of water, they invariably develop into ‘fish of the female sex, as it was sup- 
posed males were never to be seen in fresh water. Whether such waters are really 
conducive to the destruction of young male eels, appears to bea subject requiring 
further elucidation. The female eels are those usually captured when descending 
toward the mouths of rivers during the autumn months, while such as are develop-. 
ing toward a breeding condition do not seem to feed at these periods. Males have 
been usually obtained from the mouths of rivers or in brackish waters; and Dr. 
Paul, having discovered that among elvers, or young eels, captured in such locali-_ 
ties were males, ascertained (at least so he asserts) that when transported to fresh 
waters, they retained their masculine character, developing into adults. Some 
have been captured ten or twelve miles up rivers; but, although male eels undoubt- 
edly ascend rivers, their proportionate number to that of females decreases in ac- 
cordance to the distance from the sea. Sterile eels are found in fresh waters, and 
likewise in those which are brackish, where they may often be captured feeding, 
but these fish, of course, cannot increase in numbers unless they have access to the 
sea, and consequently above impassable barriers they die out, should no young be 
introduced. ‘The migrations of these fishes may be said to be annually, adults de- 
scending seaward to breed, as they do in the Severn, about the month of Septem- 
ber, although this migration in Norfolk is asserted to begin asearly as July. There 
is likewise an up-stream migration of young’eels, or elvers, in the earlier months of 
the year up to May or June, or even later; during this period the banks of the 
rivers being in places black with these migrating little fishes. These young eels - 
have been observed to ascend flood gates of lochs, to creep up water pipes or drains; 
in short, mechanical difficulties scarcely obstruct them, and they will even makea | 
circuit over a wet piece of ground in order to attain a desirable spot.’’ In order to 

give some idea of the vast numbers of young eels that take part in these migrations, 

or, as they are popularly called ‘‘ eel fares,’’it may. be mentioned that upward of three 

tons of elvers were dispatched in a single day from the Gloucester district in the 

spring of 1886, and that it has been calculated that over fourteen thousand of these 

fish go to make a pound weight. In the previous year the annual consumption of 

eels was estimated at a minimum of 1,650 tons, with a total value of $632,450. It 

is almost superfluous to mention that eels pass the greater portion of their time 

when in fresh water buried in the mud, from which they issue forth at night to 
feed. During the cold of winter large masses of them are not unfrequently found 

tightly coiled together for the sake of mutual warmth. ‘The largest species occur 

in the islands of the South Pacific and New Zealand, where they inhabit lakes; 

specimens from these regions having been recorded to measure from eight to ten. 
feet in length. 

Resembling the true eels in the presence of pectoral fins, in the 
‘tail being surrounded by the median fin, and the free tongue, the 
gigantic marine forms known as congers differ in being scaleless, in the deep cleft 
of the mouth, in the presence of a set of teeth on the outer sides of the jaw placed 
so close to one another as to form a cutting edge, and by the dorsal fin commencing 
at a point just behind the base of the pectorals. The common conger (Conger 
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vulgaris), which may grow toa length of eight feet, appears to be almost cosmo- 
politan in distribution, being as abundant in the seas of Tasmania as it is in British 
waters. Congers feed chiefly by night, and prey upon crustaceans, cuttles, and 
various kinds of fish, such as pilchards and herrings. ‘Their favorite resorts are 
_ either hollows or crevices in the rocks, or sandy bottoms, in which they can bury 
themselves; and in such situations they are sometimes left by the ebbing tide. 
The flesh of these eels is of a highly gelatinous nature, and is said to be largely 
employed in soups. Three other species of the genus are known, one of which is 
abundant in the Indian Ocean. . : | 

Among the numerous other generic Hoduieatods of the family, 
we select for notice the serpent eels (Ophichthys) as an example of a 
group in which the extremity of the tail is free, the nostrils are situated at the 
extremity of the muzzle, and the tongue is fixed. Teeth are present on the 
vomers, those in the jaws being either obtuse, or pointed and arranged in a single 
series; and whereas small pectoral fins are present in some species, in others they 
are wanting. Serpent eels are represented by a great number of species, ranging 
over all tropical and subtropical seas, but none attaining any large size. The 
difference in the structure of the teeth of the various species may probably be taken 
as indicative of a difference in the nature of the food similar to that already 
recorded as obtaining among the murzenas. 

Only a few words can be devoted to the deep-sea members of the 

family, which are represented by several genera. Among these are 
certain congers (Syzaphobranchus) occurring in all oceans at depths of from three 
hundred and forty to two thousand fathoms, and characterized by the gill openings 
being united into a single longitudinal slit on the under surface of the body between 
the pectoral fins; the gape being very wide, the teeth small, and the body scaled. 
In these forms the muscular system is well developed; but in another genus (,Sacco- 
pharynx) it is extremely feeble,-except on the head, and the bones are soft and 
spongy. ‘The head and gape are of immense size; the muzzle is short and flexible; 
the weak jaws are’armed with long, slender, curved teeth, placed at intervals; and 
the gill openings are wide and situated on the lower part of the sides at some dis- 
tance from the head, the narrow gills being free and exposed. The long and 
-band-like tail ends in a long tapering filament, and the dorsal and anal fins are rudi- 
mental. As in the last genus, the stomach is capable of great distention, and 
specimens which had swallowed fish of many times their own weight have been 
found floating in the Atlantic with this organ dilated to its utmost. In a third 
_ type (Vemichthys), from depths between five hundred and two thousand fathoms 
in the Atlantic, the exceedingly elongate body is band shaped, with the tail taper- 
ing to a point, and the jaws produced into a long slender beak. 

It has been already noticed that in one of the deep-sea eels the gill 
openings are confluent into a longitudinal slit on the under surface of 
the body; and a very similar condition characterizes the second family 
(Symbranchide) of eels, only in this.case the slit is transverse. A better dis- 
tinction is, however, afforded by the structure of the upper jaw, the margin of 
which in the present family is formed entirely by the premaxilla, on the inner side 
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of which lie the maxille. The paired fins are rudimental, and the vertical ones 
wanting; while the scales, if present, are minute; and accessory breathing organs 
may be developed. An air bladder is wanting, the stomach has no blind append- 
age, and the ovaries are furnished with ducts; the vent being situated far behind 
the head. Whereas the majority of these eels inhabit fresh and brackish waters in 
tropical Asia and America, they are also represented in Australia, where one genus 
is marine. Of the fresh-water forms, the most remarkable is the amphibious eel 
(Amphipnous cuchia) of Bengal, in which there is an accessory breathing appa- 
ratus, the body is scaled, and the pectoral girdle is detached from the skull. There 
are only three gill arches with rudimentary laminz, separated from one another by 
narrow slits; and the additional breathing organ takes the form of a lung-like sac 
on each side of the neck communicating with the gill chamber. Day states that 


BENGAL, SHORT-TAILED EEL, 
(One-fifth natural size. ) 


“this amphibious fish, when kept in an aquarium, may be observed constantly 
rising to the surface for the purpose of respiring atmospheric air direct. It usually 
remains with the snout close to the surface, and in like manner lies in the grassy 
sides of ponds and stagnant pieces of water, so that without trouble it may obtain 
access to air.’’ Indeed, the chief respiration of this fish is carried on by means of 
the two sacs on the sides of the neck, which can be inflated and emptied at will. 
In the other two fresh-water genera, one of which (J/onopterus) is confined to the 
Oriental region, while the other (Symévanchus) has a distribution coextensive 
with that of the family, there is no additional breathing organ, the body is naked, 
and the pectoral girdle is attached to the skull. Whereas in the former of these 
genera the gills are rudimental, in the latter they are well developed; and, in the 
absence of an accessory apparatus, it seems strange how the one species with rudi- 
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mental gills manages to breathe at all. The Bengal short-tailed eel (Symbranchus 
bengalensis) has been selected to illustrate the external form of the members of this 
very remarkable family. 

Together with four other genera from the fresh waters of tropical 
America, the well-known electric eel (Gymnotus electricus) constitutes 
the third and last family of the group under consideration, the leading characteris- 
tics of which are as follows: The jaws are formed in the same manner as in the 
true eels, and the head is scaleless and without barbels. The dorsal fin is either 
totally wanting, or reduced to a fatty rudiment; the anal is extremely elongated; 
pelvics are wanting; and the caudal is likewise generally absent, the tail terminating 
in a point, which, when broken off, can be renewed in the same manner as in the 
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(One-sixth natural size.) 


blindworms. The vent is situated in or near the throat; the gill openings are 
rather narrow; an air bladder is present; the stomach has a blind appendage; and 
the ovaries are provided with ducts. In the skeleton the pectoral girdle is attached 
to the skull. By Professor Cope the typical genus is considered to be to a certain ex- 
tent intermediate between the last family and the eel-like representatives of the cat- 
fishes. ; 7 ; 

As a genus, the electric eel is characterized by the absence of the caudal and 
dorsal fins, by the anal extendirig to the extremity of the tail, the absence of scales, 
the single series of conical teeth, and the minute eyes. Abundant in the rivers and 
lagoons of:certain parts of Brazil and the Guianas, the electric eel grows to a length 
of fully six feet, and is capable of giving a more powerful shock than any of the 
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other fishes endued with electric power. It will be unnecessary to give any descrip- 
tion of the electric organs here; and it will accordingly suffice to mention that they 
form two pairs of longitudinal structures lying between the skin and the muscles; 
one pair being situated on the back of the tail, and the other along the sides of the 
base of the anal fin. ‘That these organs are capable of giving shocks sufficient to 
kill other fish and small mammals is undoubted; but Dr. Giinther considers that the 
description by Humboldt of the capture of electric eels by horses driven into water, 
in order to receive the shocks and thus exhaust the fishes, seems to be the result of 
the imagination of some person who related the supposed incident, or to rest on 
some isolated incident, since no recent travelers to the district have found evidence 
of the existence of the practice. | 


SECTION NEMATOGNATHI 
‘Te CATFISHES OR SHEATHFISHES— Family S7LURIDZ 


Although represented only by a single European species, and that confined to 
the rivers to the eastward of the Rhine, the great family of catfishes is one of ex- 
treme importance in tropical and subtropical countries, its members being extremely 
abundant in the fresh waters and estuaries of the Oriental region, as they are in 
those of South America. An essential characteristic of the family is the invariable 
absence of scales, the skin being either smooth or covered with bony tubercles 
or plates; and this characteristic, together with the presence of the barbels from . 
which they derive their popular title, will always serve to distinguish the catfishes 
from the other great fresh-water family of the carps. In the skull an essential fea-- 
ture is the absence of a subopercular element to the gill cover; the margin of the 
upper jaw is formed mainly by the premaxille, the maxille being more or less rudi- 
mental. A rayed dorsal fin may be absent, but the fatty dorsal is generally present; 
and when an air bladder is developed, it may be either free in the abdominal cavity 
or inclosed in bone, but always communicates with the ear by the intervention of 
the auditory ossicles, which are somewhat lenticular in form. The skull is charac- 
terized by the full ossification of its lateral region, the septum between the eyes be- 
ing also bony; and in many instances the skull is prolonged backward by the devel- 
opment of a kind of bony helmet over the nape of the neck, formed by dermal 
ossifications overlying some of the bones of the pectoral girdle. Frequently this 
shield, as well as the hinder bones of the skull, are ornamented with a tuberculated 
sculpture. Many of these fishes have also a powerful spine at the front of the 
dorsal fin, which can be locked into a fixed, erect position by a rudimental spine 
acting as a kind of bolt at its base, and is itself articulated to the vertebree, and also 
joined by a ring to a second spine, in a manner similar to that obtaining in the 
angler fish. To support this spine certain special modifications exist in the struc- | 
ture of the pectoral girdle. Some of the genera, such as the one represented by the 
eel-like catfish, have additional breathing organs; in this particular instance taking 
the form of a branched structure attached to the gills. On the other hand, in the 
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sac-gilled catfishes (Saccobranchus), there is a long sac running down the muscles 
of the back behind the proper gill chamber. Through this breathing sac blood is 
carried from and returned directly to the heart; and in consequence of this arrange- 
ment these fishes can remain alive for hours or even days apart from water, so that 
they are able to traverse spaces where aquatic respiration is impracticable. Among 
_ the Indian representatives of the family it, is somewhat curious that whereas most 
of the forms dwelling far in the interior of the country near and in the hills have 
the air bladder ossified, this is not the case with those inhabiting the rivers of the 
plains and the sea. The majority of the catfishes.are inhabitants of the fresh waters 
and estuaries of the tropical and subtropical regions of the globe; but, as we have 
seen, one species is found in those of Eastern Europe, while a considerable number 
enter the sea, although generally keeping near the coasts. They are found not only 
in rivers, but likewise in lagoons and marshes. Day writes that ‘‘ they mostly prefer 
muddy to clear water, and the more developed the barbels the more these fishes ap- 
pear to be adapted for an inland or muddy fresh-water residence. The wider and 
deeper the rivers, the more suited they are for the Sz/uridz, consequently the larger 
forms are comparatively rare in the south of India, while they abound in the Indus, 
Jumna, and Ganges, as also in the Irawadi and other Burmese rivers.’’ It may be 
added that they are equally common in the muddy waters of the La Plata river. 
‘“‘Owing to their usual resort,’’ continues the same writer, ‘‘ these fishes appear to 
employ their feelers in moving about in muddy places, and consequently have less 
use for their eyes than forms that reside in clear pieces of water. This is one reason 
why the size of the eye as compared with the length of the head is much greater in 
the young than in the adult. ‘The eye, in fact, atrophies, instead of increasing in 
size in proportion with the remainder of the head. In some species the skin of the 
head passes over the eye without any trace of a free orbital margin. In the genus 
Arius, and some allied marine forms, the males appear to carry their ova in their 
mouths, perhaps until the young are produced. Many of these fishes are credited 
with causing poisonous wounds, and we frequently find such cases admitted into 
hospitals. ‘The injuries may be divided into two classes, namely, those in-which 
the wounds are of a distinctly venomous description, and those in which the jagged 
spines occasion intense inflammation, often of a dangerous character.’’ The flesh of 
the catfishes is of an inferior quality, and generally eaten only by the lower classes. 
All the members of the family are very tenacious of life, and extremely difficult to 
kill. Geologically, catfishes date from the lower Eocene London Clay, where they 
are represented by the extinct Bucklandium, apparently allied to an existing African 
genus; while in the higher Eocene of the south of England there occur species re- 
ferred to the existing genus 4rvzvs. An extinct genus has also been described from 
the Eocene of North America; and in the Eocene of Sumatra, as well as in the Plio- 
cene of India, the fossil forms belong to existing genera, and some of those from the 
latter deposits even to species still inhabiting the same country. Numerically the 
catfishes form an exceedingly large family, the existing types constituting consid- 
erably over a hundred genera, many of which contain a multitude of species. In 
this work only a very. few of the genera can be even mentioned, some of those 
selected including the largest members of the family.. 
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Clarias anguillaris is a well-known representative of the first sub- 
family, in which the long dorsal and anal fins extend nearly through- 
out the length of the trunk. It belongs to a minor group confined to 
Africa and the Oriental region, and characterized by the dorsal fin being either com- 
posed of weak rays throughout its length, or with its hinder portion modified into a 
fatty fin. 


Eel-Like 
Catfish 


The wels (Sz/urus glanis), shown in the larger figure of the illus- 
tration on p. 2808, is the typical representative of the second sub- 
family, in which the rayed dorsal fin is but little developed, and if present at all 
occupies only the hinder region of the trunk; the fatty portion being small or want- 
ing. ‘The anal fin is not much shorter than the caudal region of the backbone, and 
the pelvic fins are behind or below the dorsal. In the wels and its congeners the 
short dorsal has no pungent spine; the fatty fin is wanting; there are two upper and 
two or four lower barbels; the head and body are naked; and the tail fin is rounded. 
The wels itself, which is confined to the European rivers eastward of the Rhine, has 
six barbels, of which the upper pair are considerably longer than the head, and com- 
monly attains a length of from six to nine feet, although it occasionally grows to 
thirteen feet. In color the head, back, and edges of the fins are bluish black, the 
sides greenish black spotted with olive green, and the under parts reddish or yellow- 
ish white with blackish marblings. Frequenting rivers and lakes with muddy 
bottoms, the wels feed on fishes, frogs, and crustaceans, but will also seize and 
pull down ducks, geese, or other birds swimming on the surface. The spawning 
time is in the middle of summer, when these fish resort to the shallows in order to. 
deposit their eggs on the stems and leaves of water plants. 

Another gigantic species is Yarrell’s catfish (Bagarius yarrelli) 
from the large rivers and estuaries of India and Java, which attainsa ~ 
length of fully six feet, and from its huge head and mouth is one of 
the ugliest fishes in existence. The only member of its genus, it belongs to a 
subfamily in which the rayed dorsal fin is short, and situated in the hinder part 
of the body in advance of the pelvics; and there is always a fatty fin, which 
may, however, be short; and the anal is shorter than the caudal region of the 
backbone. When nasal barbels are developed, they belong to the hinder nos- 
trils. In the group of genera to which Yarrell’s catfish belongs the front and 
hinder nostrils are placed near together, with a barbel between them; and in 
this particular form there are eight barbels, and the upper surface of the head 
is naked. ‘This gigantic species is of especial interest on account of its fossil- 
ized remains occurring in the Pliocene deposits of the Siwalik hills in North- 
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eastern India. . 

The well-known genus Arius from all the tropical regions of the world, be- 
longs to another group of the same subfamily, in which the front and hinder 
nostrils are close together, but have no barbels, although the hinder pair are pro- — 
vided with a valve. The tropical American genus Pimelodus is the typical repre- 
sentative of a third group of the same subfamily, in which the two pairs of nostrils 
are equally devoid of barbels, but are placed at a considerable distance apart. The 
largest species is the leopard catfish or suravi (P. pat’) from the rivers of 
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Argentina and Uruguay, growing to a length of six or seven feet, and having the 
yellowish skin marked with a number of black spots, like a hunting leopard. 
Somewhat curiously, this genus is represented by ‘two outlying species from West 
Africa. ‘The best-known representative of the fourth and last group of genera in 
this subfamily is the bayad (Lagrus bayad). of the Nile; the group being easily 
recognized by the circumstance that while the two pairs of nostrils are remote from 
one another, the hinder have barbels. Both species are confined to the Nile, but 
the allied Chvysicthys ranges over all tropical Africa, and Macrones and Rita are 
Oriental forms. In these forms the*short dorsal.fin has a pungent spine, and the 
head and neck are generally protected by a tuberculated bony shieid. 

On account of the property from which they derive their name 
brief mention must be made of the electric catfishes (M/alapterurus) 
of tropical Africa, belonging to a subfamily in which the rayed dorsal _ 
_ fin, when present, is short and confined to the hinder region of the body, while the 
pelvic fins are inserted behind. From their allies these fishes are distinguished by 
the total absence of the rayed dorsal, so that they have only a fatty dorsal imme- 
diately in front of the tail (which is rounded), and opposite the anal. The head 
and body are smooth, the pectoral fins have no spine, and there are six barbels. 
The species inhabiting the Nile grows to about four feet-in length. 

The only other members of the family, which space admits of men- 
tioning, are the mailed catfishes (Callichthys, Loricaria, etc.), consti- 
tuting a subfamily mainly confined to tropical and South America, 
although represented by a few Oriental forms. In all these fishes there is always a 
rather short rayed dorsal fin, beneath or in front of which the pelvics are generally 
inserted. ‘The gill membranes are confluent with the skin of the isthmus, and the 
gill openings constricted to small slits. The pectoral and pelvic fins are placed 
horizontally; and the vent is in front of, or only slightly behind, the middle of the 
length of the body. Among these fishes the species of the genus Cadlichthys, 
which are confined to the rivers on the Atlantic side of South America, belong to a 
group characterized by the nearness of the two pairs of nostrils, between which 
there is generally a short flap, and by the expansion and reversion of the lower lip 
to form a broad flap more or less deeply notched in the middle. In the genus 
mentioned, the head is covered with bony plates, and the body incased in two rows 
of transversely elongated overlapping shields on each side; all the species being of 
small size. Like certain other South-American forms belonging to another sub- 
family, of which the members of the genus Doras are perhaps the best known, 
these mailed catfishes are in the habit of making nocturnal journeys during the hot 
season, when the pond they inhabit is about to dry up to another of greater 
capacity, and they likewise construct nests for their eggs. In the case of the genus 
last mentioned, these journeys may occupy several nights, during which the fish 
travel in large companies. As they have no special breathing sacs, they must 
apparently close their gill openings, and thus keep the gills moist. The nests 
which are made at the beginning of the rainy season, are formed of leaves, beneath 
which the eggs are deposited and watched over by both parents; the whole structure 
being sometimes placed in a hole on the margin of the river or pond. In the 
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armored catfish, forming the genus Lovicavia, the body is remarkable for its 
elongated and slender form; while the head is depressed, with a more or less pro- 
duced and spatulate snout, on the under surface of which the mouth is situated 
at a considerable distance from the extremity, its margins being surrounded by 
large folds, and each corner having a barbel. Both the dorsal and anal fins are 
short and elevated, and the entire head and body enveloped in a bony cuirass. 


_ SECTION PLECTISPONDYLI 
Tur Carp TRIBE — Family CYPRINIDZ 


Adopting a modification of Professor Cope’s classification, the eels and their 
allies may be regarded as forming one sectional group of the suborder, while the 
catfishes constitute a second by themselves. A third equivalent group will then be 
made by the carps, together with the under-mentioned family of the characinoids 
and certain allied forms. This third group—for which the name Plectispondyli 
has been proposed — while agreeing with the catfishes (forming the group Nematog- 
nathi) in having the first four vertebree fused together and highly modified, differs 
in the presence of a subopercular bone. Asin the last family, the margin of the 
upper jaw is formed by the premaxille, and the whole mouth is toothless, teeth 
being developed on the pharyngeal bones alone. While the head is invariably. 
naked, the body is generally covered with scales, and although it may be scaleless 
it is never invested with bony plates. False gills may be developed, and, if so, are. 
glandular. When an air bladder is present, it is always of large size; and it may 
be divided into two lateral moieties inclosed in an ossified capsule, or constricted 
into an anterior and posterior portion which are not thus protected. The numerous 
members of this family are fresh-water fish, confined to the Old World and North 
America, being quite unknown in the southern half of the New World, and also in 
Australia. Showing much less diversity of form and habits than the catfishes, 
the carp tribe are for the most part omnivorous, although a few of its members 
restrict themselves to a vegetable diet. Although some of them prefer muddy 
situations, where their barbels are probably of some assistance, the majority of the 
carps differ from the catfish in selecting clear waters for their haunts. The Indian 
forms seem to be more carnivorous than their European relatives, many of the 
larger kinds preying upon their smaller brethren. Geologically, the carps appear 
to be a comparatively modern group, the earliest known forms occurring in the 
Eocene of Sumatra; these being identified with the existing Oriental genera. Other 
fossil carps have been obtained from the’ North-American Eocene, and are assigned 
to extinct generic types; while in the Continental Miocene we find representatives 
of a number of the existing European genera, as well as of a few now mainly or 
exclusively Asiatic. On account of their more cleanly feeding habits the flesh of 
the carps is superior to that of the catfishes. The family is represented by over a 
hundred existing genera, arranged under two subfamilies. | 
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The common carp (Cyprinus carpio) claims our. attention as the 
typical representative of the subfamily Cyprinine, characterized by 
the air bladder ( wanting in one Oriental genus) not being inclosed in bone, and 
divided into an anterior and posterior moiety. In the. Oriental genus (f//omalop- 
derus) without an air bladder the number of barbels is six, but otherwise there are 
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GROUP OF CARP. 


1. Carp; 2. Large-scaled variety of Carp; 3. Crucian Carp; 4. Barbel. 
(One-fifth natural size. ) 


never more than four of these appendages, which may be reduced to a’single pair, 
or be wanting. | . 

Belonging to a group in which the anal is short and usually furnished with 
five or six branched rays, the true carp have the lateral line running along the 
middle of the tail, the dorsal fin placed opposite the pelvics, and containing a more 
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or less strongly serrated bony ray, and more than nine branched rays, while the 
pharyngeal teeth are arranged in three series, with those of the outermost one molar- 
like. The muzzle is rounded and blunt, with four barbels, and the rather narrow 
mouth at its extremity. The true carp form a small genus-confined to the tem- 
perate parts of Europe and Asia, the common species being a native of the latter. 
continent, and abundant in a wild state in China, where it has also long been 
domesticated. Thence it was introduced into Germany and Sweden, and subse- 
quently into Britain—it is said early in the seventeenth century. The ordinary 
form is shown in the upper figure of the illustration on p. 2830; but there are many 
domesticated varieties, differing either in the form of the body or the size and 
arrangement of the scales. Among the latter, one of the most remarkable is the so- 
called spiegel karpfen (mirror carp), shown in the right-hand middle figure of the — 
illustration. In this variety, which is found only in ponds, the scales are three or 
four times the normal size, and instead of covering the whole body are arranged in 
from one to three longitudinal rows, with bare skin between them. In Western 
Europe the carp has taken kindly to its new habitat, not unfrequently attaining as 
much as a yard in length, with a weight of twenty-five pounds, while very much 
larger specimens are on record. Preferring still waters, with a soft muddy bottom 
in which it grovels with its snout for food, the carp feeds on various vegetable sub- 
stances, as well as on insects and other small aquatic invertebrates. When the sur- 
face of their haunts is locked in ice, carp lie deeply buried im holes in the mud, 
frequently consorting in numbers, and undergoing a partial hibernation, which is 
not broken till the returning warmth of spring. ‘Their growth is extremely rapid, . 
and their fecundity extraordinary, nearly three-quarters of a million eggs having 
been counted in the roe of a medium-sized specimen. They are capable of living a . 
considerable time out of water, especially if they are moistened from time to time; 
and are known to live to a very great age. Carp will interbreed both with the 
Crucian and golden carp. | 
Easily distinguished by the absence of barbels, the Crucian carp 
(Carassius vulgaris) and the golden carp or goldfish (C. auratus) 
are the best-known representatives of another closely-allied genus; the 
former being a native of Central and Northern Europe, but also found in Italy and 
Siberia, while the home of the second is China and the warmer parts of Japan. 
Both are comparatively small species, and have been long domesticated; whereas, 
however, the Crucian carp always retain the original brownish color, the domesti- 
cated variety of the golden carp has assumed the well-known golden tinge from 
which it takes its name; an albino form being also known. Among the numerous 
varieties of this fish the most curious is the so-called telescope fish, shown in the 
right-hand figure of the illustration on p. 2782, taking its name from the promi- 
nence of the highly movable eyes, and likewise characterized by the great develop- 
ment of the caudal fin. In Europe goldfish thrive best in waters heated somewhat 
above the ordinary temperature, and they are accordingly frequently kept in engine 
ponds, where the water may have a temperature of some 80°, and in which they 
breed freely. The Crucian carp, shown on the left of the illustration on p. 2830, is 
confined to ponds and lakes, where it seeks the deepest parts. 
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Represented by some two hundred species from the tropical and 
temperate regions of the Old World, the barbels are best known by 
the common European species (Barbus vulgaris), shown in the lower figure of the 
illustration on p. 2830, and the gigantic mahasir (Z.. or) of India and Ceylon. 
Agreeing with the carp in the structure of the anal fin, and the position 
of the lateral line and the dorsal fin, ee belong to a subgroup of genera 
in which there are generally not more than nine rays in the dorsal fin; the 
_ pharyngeal teeth being arranged in three rows, the greater part of the cheek 
not covered with bone, the anal scales not enlarged, and the eye unprovided with a 
fatty lid; while they are specially characterized by the arched mouth—which is 
devoid of internal folds—and by the presence of false gills. The anal fin is 
frequently tall, the lips are devoid of any horny covering, and the barbels, if present, 
may be either two or four in number. ‘The scales may be either small or very large, 
and the body is frequently of a much more elongated form than in the true carp. 
While some species are not more than two inches in length, the mahasir, and some ~ 
other kinds, may grow to at least six feet. Of the Indian forms, Day writes that 
those with four barbels (among which is the mahasir), ‘‘ provided they are soberly 
colored, attain a large size; the brilliantly-colored forms are mostly residents in clear 
or rapid mountain streams, or rivers contiguous to hills, and generally small. A 
strong dorsal spine is usually (if not invariably) a sign that the species lives in the 
vicinity of high mountains, the streams of which it ascends to breed. An exception 
has, however, to be made of those forms with serrated dorsal spines, which are 
usually resident in the waters of the piains.’’ The common barbel, which has four 
of the appendages from which it derives its name, not uncommonly grows to a 
length of two feet, with a mee of from eight to ten pounds, but may attain mage 
larger dimensions. 

Confining our attention mainly to the reer representatives of 
_the family, we have next to mention the gudgeons (Godz0) which may 
be distinguished from the foregoing by the pharyngeal teeth being arranged ina 
double or single series, the body being entirely covered with scales, and the muzzle 
having two small barbels, with the mouth inferior in position, and the premaxillary 
bones protractile. ~The scales are of moderate size, the short dorsal fin has no 
spine, and the intestine is remarkable for its shortness. ‘These small fishes are 
represented only by two species, of which G. fluvzatilés is British; and, like the 
barbels, they are purely animal feeding. The British species is shown in the lower 
figure of the illustration on p. 2836. . 

From the whole of the members of the family noticed above 
| the so-called ‘‘ whitefish’’ belong to a group of genera in which the 
anal fin is short or of medium length, with from eight to eleven branched rays, and 
not extending forward beneath the line of the dorsal; the lateral line, when com- 
plete, running nearly or quite in the middle of the tail. From certain allied forms 
they are distinguished by the short dorsal fin having no bony ray; and the pharyn- 
geal teeth form a single or double series, the margin of the lower jawis not cutting, 
_ and there are no barbels. As distinctive peculiarities of the whitefish may be men- 
tioned the protractile premaxillary bones, the imbricating scales, and the smooth 
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outer surface of the pharyngeal teeth. The numerous representatives of the white- 
fish are distributed over the rivers of the North temperate zone, the New World 
forms somewhat exceeding in numbers those of the Old. Among the European 
representatives of the genus, the roach (Leuciscus rutilus), shown in the right- 


GROUP OF WHITEFISH. 
Ide, Rudd, Roach, and Chub. 
(One-sixth natural size.) 


hand middle figure of our illustration, agrees with several other species in having a 
single series of pharyngeal teeth, at least ten raysin the anal fin, and the dorsal 
nearly opposite the pelvic fins; its deep body being silvery, and the lower fins of 


the adult generally tinged with red. Its range is confined to Europe north of the 
178 
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Alps. On the other hand, the chub (ZL. cephalus), shown in the lower figure of the 
illustration, may be selected as an example of a second group in which there are 
two series of pharyngeal teeth. This fish has a somewhat wider distribution than 
the last, extending southward into Italy and eastward .into Asia; it is uniformly 
colored, with grayish margins to the scales. ,.To the same group of the genus be- 
longs the dace (Z. vulgaris), with the same distribution as the roach, to which it 
presents a considerable external resemblance, although smaller and longer in form; 
its sides being silvery, but the fins not tinged with red. Roach and dace are com- 
monly found in company, and have mentical habits. The fish shown in the upper 
figure of our illustration is confined to the central and northern countries of the 
Continent, where it is known as the ide (ZL. zdus), and is a uniformly-colored 


TENCH. 
(One-sixth natural size.) 


species nearly allied to the last. It is of special interest on account of a golden- 
colored domesticated variety bred in Germany, and known as the orfe. Another 
member of the same group is the rudd or red eye (L. erythopthalmus), of which a 
specimen is represented in the left-hand middle figure of the illustration; this 
species, which ranges all over Europe and Asia, may be distinguished by its scarlet 
lower fins, the general hue of the scales being coppery. The familiar and dimin- 
utive minnow (ZL. phoxinus) differs from all the foregoing members of this group 
by the incomplete lateral line; its range being limited to Europe, although it is 
represented by an allied species in North America. The habits of all these familiar 
fish are too well known to need notice; but it may be mentioned that several of 
them will interbreed, as they will with species belonging to other genera of the 
family. 
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Representing a genus by itself, the European tench ( 7zuca vulgaris) 
differs from the whitefish by the presence of a small pair of barbels to 
the mouth; the pharyngeal teeth forming a single series. The small scales are 
deeply imbedded in the thick skin; there is a complete lateral’ line; both the dorsal 
and anal fins are short; and the caudal, instead of having the markedly forked form 
characteristic of the roach and its allies, is but slightly emarginate. The terminally- 
situated mouth has its lips moderately developed. Whereas whitefish prefer clear 
running streams, the tench frequents ponds, lakes, and other more or less stagnant 
water; its color, which is sometimes bronzy golden, and in other cases olive green, 
with a more or less blackish tinge, is stated to vary with the purity or otherwise of 
the water in which it lives. ‘Tench always keep near or in the mud, beneath which 
they entirely bury themselves during the colder months, after the fashion of so many 
members of the family. A good tench will weigh four pounds, but examples of five 
pounds, and even over, are not very uncommon. It is probably owing to the abund- 
ant supply of mucus secreted by the skin that the tench was considered to be 
endowed with healing powers. ‘Tench are exceedingly prolific, and as they bear 
transport easily, are admirably adapted for stocking ponds. 

By this name may be distinguished a small genus, containing seven 
species, from Continental Kurope and Western Asia, and differing 
from the two foregoing by the margin of the lower jaw forming a cutting edge, 
overlain with a brown horny layer; one of the species (Chondrostoma nasus) being 
represented in the lower figure of the illustration on p. 2839. These fishes are fur- 
ther characterized by the medium or small size of the scales, the termination of the © 
lateral line in the middle of the deepest part of the tail, by the dorsal fin having 
not more than nine branched rays, and being situated opposite the root of the pel- 
vics, and also by the rather elongate anal bearing ten or more rays. ‘The mouth is 
inferior in position, and transverse; and there are no barbels. Commonly known 
in France as /e mez, the figured species does not usually exceed eighteen inches in 
length, with a weight of about three pounds. It is generally found in deep water, 
where it feeds on various vegetable substances, but more especially on the green 
confervoid growth covering submerged stones, which is neatly mown off by a 
scythe-like action of the horny margin of the transverse lower lip. | 

The small roach-like fish known as the bitterling (Rhodeus amarus), 
of which two examples are shown on the left side of the accompany- 
ing illustration, is the European representative of four.genera of small carp mainly 
characteristic of Eastern Asia_and Japan, and having the following distinctive 
features. The anal fin is of moderate length, and extends forward to below the 
line of the dorsal; the lateral line, when fully developed, runs on or near the mid-. 
dle of the tail; and there is but a single series of pharyngeal teeth. The bitterling, 
which belongs to a genus characterized by the incomplete lateral line, and the small 
size of the scales, is locally distributed in Central Europe, where it is not unfre- 
quently found in hot springs. It is one of the smallest of European fishes, the 
females being generally about one and one-half inches in length, while the males do 
not exceed twice this size. The name is derived from the bitter taste of the flesh; 
and it is only perch and eels that will take this fish when used as a bait. In com- 
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mon with its allies, the bitterling is remarkable for the circumstance that in the. 
breeding season the oviduct of the female is produced into an elongated tube, pro- 
jecting a considerable distance beyond the surface of the body. ‘This organ, which 
may be compared to the ovipositor of an insect, is introduced within the shells of 
fresh-water mussels, and the eggs are thus deposited in a situation where they will 
be protected from the attacks of enemies. 


BITTERLING, BLEAK, AND GUDGEON,. 
a (Natural size.) 


The common European bream (Abrams brama), shown in the 
lower figure of the illustration on the next page, is the type of a large 
group of genera, characterized by the elongation of the anal fin, and by a portion or 
the whole of the abdomen being compressed so as to form a sharp edge. In the 
type genus the much compressed body is deep or oblong in form, with the scales of 
moderate size, and the lateral line running below the middle of the tail; the short 
dorsal fin, which is not furnished with a spine, being situated opposite the interval 
between the pelvic and anal fins. In both jaws the lips are simple, the upper being” 
protractile, and generally longer than the lower, although occasionally the reverse 
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condition obtains. The pharyngeal teeth may be arranged in either a single or 
double series; and the scales do not extend across the sharp edge of the lower sur- 
face of the hinder part of the body. Distributed over Europe uorth of the Alps, 
portions of Western Asia, and North America, the breams are represented by about 
fifteen species, of which the common bream and the white bream (A. dlicea) are 


GROUP OF BREAM. 


White Bream, Zope, Zarthe, and Common Bream. 
; (One-sixth natural size.) 


found in Britain. "The white bream, shown in the upper figure of our illustration, 
has the general color of the sides bluish white, without any trace of the golden yel- 
low lustre, from the presence of which the common species is often termed the carp 
bream. ‘They may also be distinguished by the iris of the eye in the latter being 
yellow, and in the former silvery white, tinged with pink. Yarrell writes that 


o- 
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‘‘bream swim in shoals, feeding on worms, and other soft-bodied animals, with 
some vegetable substances; and if the water they inhabit suits them, which is gen- 
erally the case, as they are hardy in their nature, they grow rapidly, and spawn in 
May. At this season one female is generally followed by three or four males, and 
they bear at this time a whitish tubercle on their scales, which causes them to feel 
rough to the hand.’’ In some of the Irish lakes bream run to as much as twelve 
or fourteen pounds in weight; and as they are a greedy fish, great numbers can be 
taken by the aid of ground baiting. Of the other two species here figured, the zope 
(A. ballerus), forming the second figure from the-top, is an inhabitant of Germany, 
Holland, and Sweden; while the zarthe (4. vimba), is found in the Danube, as well 
as in the rivers of North Germany, Sweden, and Russia. ‘The latter species may be 
easily recognized by the keeled upper surface of the tail, and the projecting muzzle; 
while the zope is characterized by the great elongation of the anal fin, which com- 
- mences opposite to the dorsal, and extends nearly to the tail, combined with the 
oblique direction of the cleft of the mouth. 
By this name is known in Austria the typical . representative 
(Aspius rapax) of a small genus of carps, containing four species 
from Eastern Europe and China, and somewhat intermediate in structural char- 
acteristics between the breams and the bleaks. Agreeing with the former in the 
shortness of the gill rakers, these fishes always have the lower jaw projecting con- 
siderably beyond the upper, which is but slightly protractile; the anal fin never has 
less than thirteen rays; and the sharp lower edge of the abdomen behind the pelvic 
fins is crossed by the scales. Common in Eastern and Northern Europe, although 
unknown in the British Islands, the rapfen is generally found in lakes or rivers 
flowing through level country, as it requires clear but tranquil waters. In color it 
is bluish black above, with the sides bluish white, and the under surface white; the 
dorsal and anal fins being blue, and the others tinged with red. In weight this fish 
does not exceed a dozen pounds, and in length never measures more than a yard. 
Especial interest attaches to the beautiful little fish known as the 
bleak (Alburnus lucidus), of which a figure is given on the right 
side of the illustration on p. 2836, on account of the use of the pearly matter from 
its scales in the manufacture of artificial pearls. Of bleak there are fifteen species, 
ranging over Europe and Western Asia; the common British species being found 
only to the north of the Alps, although represented by an allied form in Italy. 
From both the preceding genera these fish are distinguished by the slender and 
lanceolate form of the closely set gill rakers. ‘The body is more or less elongate, | 
with the scales of moderate size, and the lateral line running below the middle of 
the tail. The fins are generally similar to those of the last genus; and the lower 
jaw projects more or less beyond the upper, which is protractile. In the hinder 
part of the abdomen the scales do not extend across the sharp lower edge. Gener- 
ally about four or five inches in length, and never exceeding seven, the common 
bleak is steel blue in color above, with silvery white sides and under surface, and 
the dorsal and caudal fins gray, the others being colorless. It is found in rivers, 
lakes, and ponds, preferring clear water; and in calm, warm weather swimming 
rapidly about near the surface in search of flies and other insects. During the 
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‘spawning season, which is in May and June, bleak collect in large shoals, which are 
preyed upon not only by perch, but likewise by gulls and terns. 

Nearly allied to the bleak is a small fish (Leucaspius delineatus) from the 
rivers of Eastern and Southern Europe, distinguished by the extreme shortness of 
the lateral line, which scarcely extends beyond the extrenuities of the pectoral fins. 
The scales also are of a regular ovate form, without the distinct fan-like rays so 
characteristic of the bleak. : 


SICHEL, RAPFEN, AND BEAKED CARP. 


The last number of this great subfamily that we shall mention is 
the curious-looking fish (Pelecus cultratus) shown in the upper figure 
of the accompanying illustration, known in Germany as the sichel, and forming the 
sole representative of its genus. It is at once characterized by the whole of the 
abdominal surface of the oblong and compressed body forming a sharp cutting 
edge; the scales being small, and the lateral line making a sudden descent behind 
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the péctoral fin toward the lower surface. The cleft of the mouth is always 
peculiar in having a nearly perpendicular direction. The pectoral fins are 
unusually tall, and the dorsal is placed far back, and above the anal, which resem- 
bles that of the bream in its numerous rays. On the pharyngeal bones the teeth are 
arranged in a double series, and are strongly hooked. In profile this fish, which 
generally ranges from six inches to a foot in ‘length, is: remarkable for the straight- 
ness of the line of the back, and the convexity of its lower border. It is widely 
distributed in Eastern Europe, being common in the Black and Caspian seas, as 
well as in their affluent rivers. In form this fish makes a curious approach to the 
members of the herring tribe. ; ; 


GIANT LOACH, COMMON LOACH, AND SPINY LOACH. 
(One-half natural size.) 


With the small fishes known as loaches, of which there are three 
EHuropean genera, we come to the second subfamily (Coéct#n@) of the 
carp tribe, which is characterized by the air bladder being either partially or 
entirely inclosed in a bony capsule; false gills being always absent. In these fishes 
the body may be elongate, oblong, compressed, or cylindrical, but is never depressed; 
the muzzle and lips are fleshy; and the small, inferiorly-placed mouth is furnished 
with from six to twelve barbels. The median fins are spineless, the dorsal having 
a variable number of rays, but the short anal possessing but few, while the pelvic 
pair may be wanting; scales small, rudimental, or absent, and when present, cycloid, 
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and usually immersed in mucus; in one Oriental genus, developed upon the back 
and sides of the head. ‘The loaches of this subfamily are confined to Europe and © 
Asia; and while some of those from the former continent are partial to swift clear. 
streams with a stony bottom, the Indian forms delight in muddy tanks, where they 
bury themselves in the mud. All are carnivorous; and, in spite of their small size, 
the European species are esteemed as food. The giant loach (AMisgurnus fossilis), 
forming the central figure of our illustration, is the largest European member of 
the group, and belongs to a genus of four species, common to Europe and Asia 
north of the Himalayas. The genus is characterized by the elongate and com- 
pressed form of the body, the absence of an erectile spine near the eye and the 
presence of from ten to twelve barbels, four of which belong to the lower jaw; the 
dorsal fin being placed above the pelvic pair, and the caudal rounded. ‘The 
European species, which grows to a length of ten ‘inches, is found in stagnant 
waters in Southern and Eastern Germany, and Northwestern Asia; being replaced 


ANGOLA LOACH. 
(Natural size.) . 


by an allied form in China and Japan. ‘The true loaches (Nemachilus), on ‘the 
other hand, have six upper barbels, and noné on the lower jaw. They are repre- 
sented by some fifty species from Europe and temperate Asia; the common British 
loach (WV. barbatulus), shown in the upper figure of the illustration, being found in 
clear streams all over Europe with the exception of Denmark and Scandinavia. 
The spiny loach (Codzt?s tenia), shown in the lower corner of the illustration, is the - 
typical representative of a third genus, distinguished from the last by the presence 
of a small, bifid, erectile spine below each eye. ‘The figured species is locally and 
sparingly distributed in Britain, but more common on the continent. Certain 
Indian loaches formerly included in this genus are now regarded as distinct, the 
subfamily being represented by eight other genera in the same country. 


AFRICAN LOACHES—Family ANERUDZ& 


Two small loach-like fishes from the fresh waters of tropical Africa, one of 
which (Aneria congolensis) is figured in the annexed illustration, alone represent a 


2842 THE BONY FISHES AND GANGS 


family distinguished from the preceding by the absence of teeth on the pharyngeal 
bones, and by the elongated air bladder being undivided, barbels being wanting. 
While the figured species is from the west coast, the other (A. spekez) inhabits 
Central Africa. | | 


THE CHARACINOID FISHES—Family ARYTHRINIDA 


As an example of a very extensive family of fresh-water fishes, confined to 
tropical America and Africa south of the Sahara, we select an American form 
known as the piraya (Sevrasalmo piraya), since in our limited spacé it is quite 
impossible to deal with any of the others. It may be mentioned, in the first place, 
that these fishes are commonly known as the Chavacinide, but as there is no such 


THE PIRAVA. 
(One-fourth natural size.) 


genus as the Characinus, it is obvious that this term cannot stand, and we have 
accordingly adopted another. According to Professor Cope’s arrangement, these _ 
fishes belong to the same sectional group as the carp tribe, from which they may be 
distinguished by the brain case not being produced between the orbits, and likewise 
by the number of upper pharyngeal bones varying from four to one instead of being 
always two; a further point of difference occurring in the structure of the upper 
jaw, which is formed in front by the premaxille, and at the sides by the maxille. 
Like the carps, the body is scaled and the head naked; but barbels are invariably 
wanting, and the jaws may be either toothless, or furnished with a detention of a 
very powerful type. In most cases there is a small fatty fin behind the dorsal; the 
air bladder is always transversely divided into halves, and there are no false gills. | 
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Unfortunately, there are no fossil forms to aid in the explanation of the peculiar 
geographical distribution of the family, which is very similar to that of the chro- 
mids; but there can be little doubt that the ancestral types originally inhabited the 
great land mass of the Northern Hemisphere, from whence they migrated south- 
‘ward to their present isolated distributional areas. It is, however, not a little 
remarkable that whereas in their migration to Africa'they have been accompanied 
by members of the carp tribe, in tropical America they entirely take the place of 
that family. The numerous genera, none of which are common to the two Hemis- 
pheres, are ranged under eleven groups or subfamilies, the majority of which are 
confined to either the one or the other half of the distributional area, although a 
few have representatives of both. As regards their habits, some of these fishes are 
strictly carnivorous, while others are as exclusively vegetable feeders. 

The figured species belongs to the last subfamily, which includes four exclu- 
sively American genera, represented by some forty species, and characterized by the 
somewhat elongated dorsal fin, behind which is a small fatty fin; by the gill 
membranes being free from the isthmus, and also by the distinct serration of the 
middle line of the under surface of the body. | 

On account of their large size, two other genera of these fishes, which have 
respectively received the names of Aydrocyon and Cynodon, must be mentioned; 
the former being from tropical Africa, and the latter from Brazil and the Guianas. 
They grow to the length of four feet, and are highly predacious; the subfamily to 
which they belong being characterized by the presence of a short dorsal and anal 
fin, the large conical teeth, the want of attachment between the gill membranes and 
the isthmus, and the approximation of the nostrils. 


THE CyYPRINODONTS— Family CY PRINODONTIDZ 


The small fishes which, for want of an English title, we may designate cyprino- 
donts, bring us to the first family of another sectional group termed the Hap- 
lomi, which also includes the pikes. In addition to certain other structural 
features of the skeleton, this group is characterized by the first four vertebre being 
separate and of normal form; while in the skull the parietal bones are separated 
by the supraoccipital, all the opercular bones are present, and the pharyngeals are 
_ distinct, the upper ones being directed forward, and three or four in number. As 
a family, the cyprinodonts are specially distinguished by the margin of the upper 
jaw being constituted solely by the premaxille, and the enlargement of the third 
upper pharyngeal bone. Externally they may be readily distinguished from the 
carps by the head being scaled as well as the body, and they have no barbels. Both 
jaws are toothed, and the pharyngeals are also furnished with teeth, which are 
heart shaped. There is no fatty fin, and the dorsal is situated in the hinder half 
of the body. ‘The air bladder is simple, and the false gills are wanting. Inhabiting 
either fresh, brackish, or salt water, these fish are distributed over the south of 
Europe, Africa, Asia, and America; some being purely carnivorous, while others 
feed on the organic substances to be found in mud. Most of the forms are 
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viviparous; and the males, which are much inferior in size to the females, and, 
according to Dr. Giinther, probably the smallest living fishes, frequently have the 
anal fin specially modified to aid in the reproductive process. As a rule, the fins 
are relatively larger in the males than in the females, and there is likewise some 
difference in the coloration of the two sexes. In a fossil state, remains of the 
typical genus occur in the Miocene strata of the 
Continent, which have also yielded others re- 
ferred «to. an existing American genus; while 
the head of a species much larger than any now 
living -has been described from the Pliocene of 
India, this specimen being figured in the accom- 
panying illustration in order to show the scales. 
on the head so characteristic of the family. 
Cyprinodonts are represented by about a score 
of genera, which may be divided into two sub 
families, according to the nature of the food. 
In the first of these, which includes the typical 
; genus Cyprinodon, and has a distribution | co- 
HEAD OF A FOSSIL, CYPRINODONT, WITH extensive with that of the family, all the forms 
ONE OF THE SCALES ENLARGED. are carnivorous or insectivorous, and are char- 

| acterized by the firm union of the two branches 

of the lower jaw in front, and likewise by the shortness, or slight convolution 
of the intestines. On the other hand, in the second subfamily, which is exclusively 
restricted to tropical America, the species seek their food in mud, and have the 
two branches of the lower jaw but loosely joined together, while the intestine is 
highly convoluted. It is in this group that the sexual differences are most 7 
strongly marked. ined . 3 
' Asan-example of the family we take a remarkable genus belonging 
to the first subfamily, represented by three species from tropical 
America, one of which (Azadbleps tetropthalmus) is shown in the following 
illustration. Having a broad and depressed head, with the region over the eyes 
much raised, the elongate body compressed in front and depressed behind, a pro- 
tractile muzzle, and the cleft of the mouth horizontal and of moderate size, these 
fish are specially characterized by the structure of the eye, which is quite unique 
among vertebrates, and from which they derive their name. In each eye the 
integuments are divided into an upper and a lower moiety by a dark-colored trans- — 
verse band in the outer layer; the pupil being likewise bisected in the same plane 
by means of a lobe projecting from each side of the iris. The scales are of small or 
moderate size; the dorsal and anal fins short, the latter being placed in advance of 
the line of the former, and in the male (which in this genus is larger than the 
female, modified into a long, thick, scaly organ, with an aperture at the end. 
These fishes are the largest existing members of the whole family, growing nearly 
toa foot in length. They are abundant in North Brazil and the Guianas, where 
they frequent mud banks on the coast and in the estuaries of the larger rivers; 
many of them being often left stranded by the retiring tide, where they progress 
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on the slime by a series of leaps. After birth the young are carried about by the 
female in a thin-skinned sac divided by a partition, until they are sufficiently ad- 
vanced to take care of themselves. When swimming, these fishes frequently go on 
the surface with the eye half in and half out of the water; and it is in accordance 
with this habit that the eyes are divided, the upper portion being able to see in the 
air, while the lower is adapted for vision under water. That such is really the 


FEMALE AND MALE DOUBLE EYE. 
(One-third natural size.) 


case, is proved by the structure of the lens of the eye. In terrestrial animals the 
lens is lenticular, that is to say of the shape of two watch glasses put edge to edge; 
whereas in ordinary fishes, which have to see in such a dense medium as water, the 
lens is spherical. Now in the double eye that portion of the organ of vision which 
is above the level of the water has the lens lenticular, while in that portion which is 
below the water the lens is spherical. In Brazil the flesh of these fish forms an 
article of consumption. » 


THE BLINDFISH —Family AMBLYOPSIDZ 


The celebrated blindfish (Amblyopsis spelea) from the Mammoth Cave in 
Kentucky, the Wyandotte Cave in Indiana, and the subterranean streams which 
appear to connect the waters of the two, is generally regarded as the typical repre- 
sentative of a family closely allied to the last. ‘This fish, which does not exceed 
five inches in length, and breeds viviparously, closely resembles the genus Cyf7i7- 
odon in that certain specimens (which have unnecessarily been separated as 
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Typhlichthys) lack the pelvic pair of fins. All traces of .external eyes are wanting, 
and the skin is totally devoid of color. In order to enable the creature to find its. 
way about in the dark subterranean waters of the limestone rocks of the Central 
United States, its head is provided with a large supply of organs of touch, arranged 
_in a series of transverse ridges on each side; while its sense of hearing is also stated 
to be very highly developed. Professor Cope writes that if these fish “be not 
alarmed, they come to the surface to feed, and swim in full sight like white aquatic 
ghosts. ‘They are then easily taken by the hand or net, if perfect silence is pre- 
served, for they are unconscious of the presence of an enemy except through the 
medium of hearing. This sense is, however, evidently very acute, for at any noise they 
turn suddenly downward and hide beneath stones, etc., on the bottom. They must 
take much of heir food near the surface, as the life of the depths is apparently very 
sparse. ‘This habit is rendered easy by the:structure of the fish, for the mouth is 


KENTUCKY BLINDFISH. 
(Natural size.) 


directed partly upward, and the head is very flat above, thus allowing the mouth 
to be at the surface. It thus takes food with less difficulty than other surface 
feeders, as the perch, where the mouth is terminal or even inferior; for these re- 
quire a definite effort to elevate the mouth to the object floating on the surface.” 
Nearly allied to that variety of the blindfish in which pelvic fins are absent is a 
small fish known as Chologaster, in which small external eyes are retained, and the 
body.is colored; the front of the head being provided with a pair of horn-like ap- 
pendages. These small fish were first known from three: examples taken in the 
ditches of the South Carolina rice fields, but a fourth specimen was captured in a 
well in Tennessee in the year 1854. ‘The retention of the eyes and their dark color 
indicates that these fishes have taken to a partially subterranean life more recently 
than the blindfish. | 


THe UmBres— Family UMBRID& 


A small fish from Austria-Hungary known as the umbre (Umora krameri), to- 
gether with a second (U. limz), locally distributed in the fresh waters of the United 
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States, indicate a family distinguished from the Cyprinodontide by the upper jaw 
margin being formed in front by the premaxillary bones and by the maxillary bones 
at the sides; the base of the skull being of simple structure in both families. Like 
the cyprinodonts, the umbres have the head and body scaled, and no barbels to the 
mouth. ‘There is no fatty fin, and the dorsal is opposite the pelvics, or a little be- 
hind them, while the anal is short, and the caudal rounded. The stomach merely 
forms an expansion of the intestine; the air bladder is simple; and the false gills are 
hidden and glandular. ‘The European species, which is known as the hunds-fisch 
in Germany, dwells in marshes and muddy pools, where it buries itself in the mud 
at the bottom. As in most cyprinodonts, the males are smaller and more slender 
than the females, scarcely reaching a couple of inches in | length, whereas the latter 
grow to three or three and one- -half inches. 


THE PIKE— Family ASOCIDZ 


Such a familiar fish as the pike (Asox luctus) scarcely requires much in the 
way of description, but it is an important one as representing, with other members 
of the same genus, a family by itself. Agreeing with the umbres in the structure 
pf the jaws, pike may be distinguished externally by the absence of scales on the 
head, and internally by the more complex structure of the base of the skull. The 
body is covered with cycloid scales; there are neither barbels nor a fatty fin; and 
the dorsal is situated in the caudal region of the vertebral column, in the position of: 
the fatty fin of the salmon tribe. The stomach has no blind appendage, the false 
gills are glandular and concealed, and the gill opening is unusually wide. In the 
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upper jaw sickle-shaped teeth are borne by the premaxillz, palatines, and vomer, 
the maxillee being toothless, while the lower teeth are of variable shape. The long 
narrow body terminates in a forked caudal fin; and the long, broad, and depressed 
snout has the lower jaw exceeding the upper in length. Confined to the fresh 
waters of the temperate regions of the three northern continents, pike may be con- 
sidered a western rather than an eastern type, seeing that whereas the common 
species has a range equivalent to that of the family, the whole of the other six 
Species are confined to the United States. In Europe the pike inhabits all the Rus- 
sian rivers, with the exception of those of the Crimea and Transcaucasia, and is 
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likewise found in Siberia. In Lapland it extends even beyond the limits of the 
birch, while to the south it is common in the Venetian lagoons. Growing very 
rapidly, the pike not uncommonly attains a length of forty-five or forty-six inches, 
with a weight of thirty-five or thirty-six pounds; and although fishes of much 
larger dimensions are on record, the accounts’ of these’*must be received with great 
caution. It is pretty well ascertained that fish of forty-five inches are not com- 
monly more than about fifteen years old, and the stories of examples living for a 
century, or even more, appear to be legendary. Pike are among the most predaceous 
and greedy of all fresh-water fish, nothing coming’ amiss to their voracious appe- 
tites, since not only will they devour worms, leeches, frogs, trout, carp, and other 
fishes, but they pull under the young, and often even the adults, of all kinds of 
water birds, and have no objection to an occasional water vole. ‘Their habit of lying 
- like a log in the water (from which trait they probably derive their name), as well 
as the sudden rush they make after their prey, are well known to all; and the dam- | 
age these fish do to trout streams is almost incredible. Pike are also great devour- 
ers of the smaller members of their own kind. Frequenting alike ponds, lakes, and 
rivers, pike in Ireland spawn as early as February, but in England a month or two 
later, while in some parts of the Continent the season lasts till May. Males, which 
are inferior in size to their consorts,.are said to be more numerous than the latter; 
and it is not uncommon for a female in spawning time to be attended by three or 
four members of the opposite sex, who crowd around her as oi lies quiet to deposit 
her eggs. 


THE AFRICAN BEAKED FisH — Family MORMYRIDE 


The very remarkable fish (/orvmyrus peterst) shown in the upper figure of the 
illustration on page p. 2849, is the best known African representative of a large 
genus of fresh-water fishes confined to Africa, and constituting not only a family 
but likewise a distinct section, to which Professor Cope applies the name of Scy- 
phophori. Having the narrow parietal bones of the skull distinct both from one 
another and from the supraoccipital, these fishes are especially distinguished by 
having each of the pterotics (which lie on each side of the parietals) large, funnel 
shaped, and inclosing a cavity expanding externally, and covered by a lid-like plate 
of bone. ‘The anterior vertebrae are simple and unmodified; and a subopercular 
bone is present in the gill cover. Externally. both the body and tail are covered . 
with scales, but the head is naked, and the muzzle has no barbels. In the upper 
jaw the middle portion is formed by the united premaxille, and the sides by 
_ the maxilla; the gill opening is reduced to asmall slit; there are no false gills; and 
the air bladder is simple. A fatty fin is wanting; and whereas in the typical genus 
all the other fins are well developed, in the allied Gymnarchus (which is likewise 
exclusively African, and is sometimes regarded as the representative of a distinct 
family) the caudal, anal, and pelvic fins are wanting, the tail tapering to a point. 
instead of terminating in a deeply forked fin. The beaked fishes are divided into 
groups according to the length of the dorsal fin and the form of the muzzle, the 
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figured species belonging to a group in which the dorsal fin is relatively short, 
scarcely exceeding the anal in length, while the muzzle is long and bent down. 
From its nearest allies the species in question is distinguished by the production of 
the extremity of the lower jaw into an elongated, conical, dependent, fleshy 
appendage, nearly equal in length to half the head. In color the skin is dark 
brown, relieved by two lighter cross-bands between the dorsal and anal fins. Other 
species have have the muzzle short and blunt; and whereas some grow to a length 
of between three and four feet, others are comparatively small fishes. No less 
than eleven species of this genus are found in the Nile; which, together with some 
of the West African rivers, is likewise the home of the single representative of the 


PETERS’ BEAKED FISH AND SLENDER PIKELET. 
( One-third natural size.) 


genus Gymunarchus. In form the nae fish is eel-like; its jaws being armed with a 
series of incisor-like teeth, and its length reaching to upward of six feet. Both genera 
are furnished with a pair of organs lying on the two sides of the tail, which are stated 
to be transitional in character between ordinary muscle and a true electric organ; 
although, if this be correct, it is difficult to conceive what can be the object or use 
of such a structure. Each consists of an oblong capsule, divided by vertical parti- 
tions into a number of chambers filled with a gelatinous substance. One of the 
species (JZ. oxyrhynchus) from the Nile, is frequently depicted in the frescoes of the 


ancient Egyptians. 
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SECTION ISOSPONDYLI 
THE FEATHER Backs — Family NOTOPTERIDA 


According to the classification we are following, the whole of the remaining 
members of the tube-bladdered fishes form a group denominated Isospondyli, and 
characterized as follows: The parietal bones are completeiy ‘separate; the sym- 
plectic bone, which is wanting in the group last treated of, is present; the anterior 
vertebree are simple and unmodified, and both the upper and lower pharyngeal 
bones are separate. The group includes the least specialized of all the bony 
fishes, and those forming a transition to the ganoids. From the peculiar form of 
the dorsal fin certain fresh- and brackish-water fishes from West Africa and the 


BORNEAN FEATHER BACK. 
(One-third natural size.) 


Oriental region, one of which (/Vofopterus) borneensts is shown in the above illus- 
tration, have received the not inappropriate name of feather backs. They consti- 
tute a family differing from all the others in this section by the tail being tapering — 
and fringed inferiorly by a continuation of the anal fin, as well as by the presence 
of a cavity in the ring-like pterotic bone, the base of the skull being double. Both 
the body and the head are covered with small scales; barbels are wanting; the 
margin of the upper jaw is formed in front by the premaxillee and at the sides by the 
maxille; and the opercular bones are incomplete. There is no fatty fin, and the 
dorsal, when present, is very short, and situated in the caudal region; the pelvic 
pair being rudimental or wanting. The air bladder is divided internally into several 
compartments and terminates at each end in a pair of narrow prolongations, of 
which the anterior ones are in communication with the organ of hearing. A further 


SOUTHERN PIKELETS—ARAPAIMAS 2851 


peculiarity isthat the spawn falls into the cavity of the abdomen previous to its 
exclusion. There are two Indian representatives of the genus, one of which grows 
to a couple of feet in length; a third is Bornean, and the other two are West 
African. An extinct species has been described from the Eocene of Sumatra. 


THE SOUTHERN PIKELETS—Family GALAX/IDZ 


For want of a better name we may designate by the name of southern pikelets 
a genus of small. fresh-water fishes. from the Southern Hemisphere, one of which 
(Galaxias attenuatus) is represented in the lower figure of the illustration on p. 
2849. ‘Together with the members of the next family, these fishes are distinguished 
from the other genera of the present sectional group noticed here by having the 
base of the cranium simple, the tail being rounded or forked, and the pterotic bone 
devoid of.a cavity in its interior. Externally these fishes may be recognized by the 
naked body and the absence of barbels; the fatty fin being absent, and the medium- 
sized dorsal opposite the anal. Internally the air bladder is large and simple; and 
the eggs, as in the last family, fall into the abdominal cavity. Represented by 
rather more than a dozen species, the largest of which seldom exceeds eight inches 
in length, these fish are of especial interest from a distributional point of view, 
since they occur in such isolated areas as New Zealand, New South Wales, Tas- 
mania, and the southern extremity of South America. From their spotted bodies, 
the New-Zealand representatives of the genus were formerly known as trout by the 
colonists. An allied New-Zealand genus (Veochanua), represented by a single 
species, differs in the absence of pelvic fins; all the known specimens of this singu- 
lar form having been found buried in burrows of clay or hard mud at a considerable 
distance from the water. ; 


THE ARAPAIMAS— Family OSTEOGLOSSIDZ 


Agreeing with the last family in the conformation of the base of the skull, the 
large tropical fresh-water fishes, which may be collectively known as arapaimas (al- 
though this name properly belongs only to the Brazilian species here figured), are 
fully as interesting as the latter from their geographical distribution, which presents 
a curious general similarity to that of. the existing lungfishes, although in the pres- 
ent instance one of the genera has a much wider range than either of the lung- 
fishes. In confirmation of the northern origin of the present group, it is noteworthy 
that an arapaima exists in Sumatra, and also that an extinct genus (Dapedoglossus) 
occurs in the Eocene strata of the United States. From the preceding the more 
typical representatives of this family are structurally distinguished by the upper 
pharyngeal bones being three, instead of only twoin number. Externally these 
fishes have the body covered with large, hard scales of a mosaic-like structure; the 
lateral line being formed by wide openings of the mucus canal; and the scaleless 

head nearly covered with roughened ossifications of the skin. The margin of the 
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upper jaw is formed both by the premaxille and maxille, the gill openings are 
wide, and false gills are wanting. The long dorsal closely resembles the anal fin, 
over ‘which it is placed in the caudal region of the body; both coming very close to 
the tail fir, with which they may unite as an abnormality. In structure the air 
bladder may be either simple or divided into cells. 
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BRAZILIAN ARAPAIMA. 
(One-twentieth natural size. ) 


The true arapaima (Avapaima gigas) of the larger rivers of 
Brazil and the Guianas, which is the sole representative of its genus, 
occupies the proud position of being the largest fresh-water bony fish, its length 
not unfrequently exceeding fifteen feet, while its weight may reach upward of four 
hundred pounds. As a genus, it is distinguished by the broad cleft of the mouth, 
in which the lower jaw is very prominent, and the absence of barbels, as well as by 
the rounded lower surface of the body, and the moderate length of the pectoral 
fins. In addition to an outer series of small conical teeth in the margins of the 
jaws, there are rows of rasp-like teeth not only on all the bones of the palate, 
but likewise on the tongue and hyoid bones. In spite of its enormous dimensions, 


Arapaima 
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the arapaima is captured by the natives of Brazil with a hook and line; its flesh be- 
ing highly esteemed as food, and in a salted condition largely exported. It is also 
taken by being struck with an arrow, to which a line is attached; and a graphic 
account of this method of hunting is given by Schomburgk. It appears that a party 
go out in a boat, and row about until a fish is sighted, when the bow and arrow are 
brought into requisition, and if the shot be successful, the monster is at length 
landed. 

The four representatives of the typical genus Osteoglossum may be 
distinguished from the last by the presence of a pair of barbels to the 
lower jaw, the obliquity of the cleft of the mouth, the sharp lower 
surface of the body, and the greater length of the pectoral fins. Of the four spe- 
cies the first is American, and has the same distribution as the true arapaima, the 
second occurs in Sumatra and Borneo, while the other two are Australian. ‘The 
two latter have, however, but a very local distribution, the one (O. /eichardti) being 
confined to the rivers of Queensland, where it is known to the natives as the barra- 
mundi, and to the colonists as the Dawson river salmon; while the second (0. 
jardinet), which is distinguished by the absence of a spine to the anal fin, inhabits 
the rivers discharging into the gulf of Carpentaria. ‘The flesh of both these species 
is highly esteemed as an article of food. . 

The third genus of the family, which includes only a single species 
erie thai (Heterotis nilotica), differs from both the foregoing in having the 
Arapaima Pharyngeal bones numerically the same as in the southern pikelets, on 
which account Professor Cope regards it as the type of a distinct 
family. Differing from the other two genera in the comparatively small size of the 
cleft of the mouth, and also in the approximate equality of the length of the jaws, 
this fish has no barbels, and only a single series of teeth in the jaws, teeth being 
also present on the pterygoid and hyoid bones, but wanting on the vomer and pala- 
tines. A further peculiarity is to be found in the presence of a peculiar spiral 
organ on the fourth gill arch; and the air bladder differs from that of the other 
members of the family in its cellular structure, while the stomach comprises a mem- 
branous and a muscular portion. The fish in question is found alike in the upper 
Nile and in the rivers of Western Africa. It grows to about two feet in length. 


Barbelled 
Arapaimas 


Moon EvE AND CHISEL, JAw— Families WYODONTID.& and 
PANTODONTIDZA 


Each of the two fishes figured in the annexed illustration is the only represent- 
ative not only of a genus, but likewise of a separate family; these families agreeing 
with all the remaining ones of the present section in having the pterotic bone nor- 
mal, the base of the skull double, and four upper pharyngeal bones, all of which 
are distinct, and the third the largest and directed forward. In the first family the 
parietal bones are united, and there are two true tail vertebree in front of the com- 
plex bone supporting the rays of the caudal fin. 
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Externally, the moon eye (/yodon tergisus), as the single repre- 
sentative of the first of the two families is popularly termed, has the 
body’ covered with cycloid scales, the head naked, and no. barbels. ‘The margin of 
the upper jaw is formed by the premaxille in front and the maxille at the sides, 
the latter bones being articulated to the formér at the point of junction; and all the 
elements of the gill cover are present. There is no fatty fin, and the short dorsal 
is placed in the caudal region, above the fore part of the longer anal; the caudal fin 
being forked, The gill openings are wide; the stomach is horseshoe shaped, the 


Moon Eye 


CHISEL JAW AND MOON EYE. 
(One-third natural size. ) 


intestine short, and the air bladder simple; false gills being absent. In form 
the body is oblong and compressed, with a part of the lower surface forming 
a sharp edge; and the cleft of the mouth is somewhat oblique; all the bones of 
the palate bearing small teeth, and the edges of the tongue carrying a larger 
series. Before their exclusion, the eggs fall into the cavity of the abdomen. 
The moon eye, shown in the lower figure of the above illustration, grows to a 
length of from one foot to eighteen inches, and is confined to the fresh waters 
of North America, where it is abundant in the lakes and rivers of the western side 
of the continent. | . 
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The small fish (Pantodon buchholzi) represented in the upper figure 
of the cut on p. 2854, was discovered not very many years ago in the 
rivers on the west coast of Africa, and takes its name from the strong dental 
armature of the jaws. Remarkably like a cyprinodont in external appearance, this 
fish has the body covered with relatively large scales, and the sides of the head 
with bony plates; the margin of the upper jaw being formed in front by the united 
premaxillz, and at the sides by the maxille. The short dorsal fin is situated still 
further back than in the last genus, its front margin being considerably behind that 
of the rather longer anal; both the pectoral and pelvic fins are very tall, the rays of 
the latter forming isolated filaments, and the caudal is long and pointed, with some 
of its rays projecting. The muzzle is blunt,.and the cleft of the mouth directed 
upward. In the gill cover there is only an opercular and a preopercular bone, the 
gill openings are wide, and the branchiostegal rays are numerous. False gills are 
absent; the air bladder is simple; and the ovaries of the female, and the correspond- 
ing organs of the opposite sex, are furnished with a duct. 


Chisel Jaw 


Tur BEAKED SALMOoN— Family GONORHYNCHIDZ - 


A third fish of the present section, constituting a family by itself, is the so- 
called beaked salmon (Gonorhynchus grey?) from the seas of the Cape, Japan, and 
Australia. Agreeing with the two preceding families in the absence of a fatty fin 
this fish differs in having barbels to the mouth, while in the tail there is no true 

caudal vertebra. Both the head and body are completely covered with scales, of 
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BEAKED SALMON. 
° (One-third natural size) 


which the free edges are spinose; and the margin of the upper jaw is formed entirely © 
by the short premaxillz, which are continued downward over the maxille. The 
short dorsal fin is situated far back on the body, above the pelvic pair, the still 
shorter anal having a more posterior position; and the tail fin is slightly forked. 
The gill openings are narrow, the air bladder is wanting, and the stomach simple. 
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Measuring trom twelve to eighteen inches in length, this fish seems to be partly 
pelagic and partly littoral in its habits; being found in New Zealand, where it is 
known as the sand eel, in bays with a sandy bottom, while elsewhere it has been 
taken in the open sea. In New Zealand its flesh forms an article of food. ‘The 
family is also represented by an extinct genus (/Votogoneus) from the Eocene of the 
United States. | : : 


THE SCOPELOIDS—— Family SCOPELID& 


As an example of an important family of, for the most part, pelagic or deep- 
sea fishes, we select the so-called phosphorescent sardine, Scopelus engraulis, as be- 
ing a member of the typical genus. The members of this family agree with the 
last in having the parietal bones united and no true tail vertebra, but they may be 
distinguished externally by the absence of barbels and the presence of a small fatty 
fin some distance behind the dorsal, and likewise by the want of spines on the 
scales, when the latter are present; some genera having the body scaled, while in 
others itis naked. The margin of the upper jaw is always constituted solely by the 
premaxillee; the gill cover may be incompletely developed; the gill opening is wide; 
false gills are present; but an air bladder is wanting. ‘The intestine is remarkable 
for its shortness; and the eggs are inclosed in the sacs of the ovaries, whence they 


are extruded by means of ducts. Containing a large number of existing genera, 


the family is likewise represented by several extinct types, the earliest of which — 
dates from the Cretaceous of Istria. 

In the typical genus the body is oblong in form and more or less markedly 
compressed, with the investing scales of large size. Along the sides run series of 
phosphorescent spots; while similar grandular structures may in some species occur | 
on the front of the body and on the back of the tail. The cleft of the mouth is un- 
usually wide; the premaxillary bones being long; slender, and tapering, and the max- 
illze well developed. ‘The teeth are villiform, and the eye is relatively large. ‘The 
pelvic fins are inserted just in front of or immediately below the line of the foremost 
rays of the dorsal (which is situated nearly in the middle of the length of the body), 
and are composed of eight rays; the fatty fin is very small; and the anal is generally 
long; and the caudal forked. There are from eight to ten rays in the branchioste- 
gal membrane. Dr. Giinther writés that “‘the fishes of this genus are small, of 
truly pelagic habits, and distributed over all the temperate and tropical seas; they 
are so numerous that the surface net, when used during a night of moderate 
weather, scarcely ever fails to inclose some specimens. ‘They come to the surface 
at night only; during the day, and in very rough weather, they descend to depths 
where they are safe from sunlight or the agitation of the water. Some species 
never rise to the surface; indeed, scopeli have been brought up in the dredge from 
almost any depth to two thousand five hundred fathoms.’’ Upward of thirty 
species of this genus are known, and there is also an allied genus (Gymnoscopelus) 
distinguished by the absence of scales. 

Among several other remarkable forms of the family, we may especially notice 
avery curious fish (/pzops) obtained at great depths during the voyage of the Chal- 
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lenger. Possessing an extremely-elongate and cylindrical body, covered with large, 
thin, deciduous scales, this fish hasa depressed head and an elongate, broad, spatulate 
muzzle, of which the whole upper surface is occupied’ by a luminous or visual organ, 
divided longitudinally into halves, and representing the highly-modified eyes. 
The whole length of this strange fish does not exceed between five and six inches. 
Another deep-sea fish (Plagyodus) is noteworthy on account of its large dimensions, 
and the formidable armature of its mouth; the scaleless body being long and com- 
pressed, the snout much produced, and the teeth of the jaws and palate of very un- 
equal size, some forming long and sharply-pointed tusks. 


THE PHOSPHORESCENT SCOPELOIDS — Familiés STERNOPTYCHIDA 
- and STOMATEIDAZ 


More or less nearly allied to the scopeloids are two families of deep-sea or 
pelagic fishes usually bearing phosphorescent organs along the sides of the body; an 
example of each being represented in the following illustration. | 


PHOSPHORESCENT SARDINE. 
(Natural size.) 


The fish (Photichthys argenteus) shown in the upper figure of the 
illustration, is taken as our representative of the first of the two 
families, of which, in addition to the phosphorescent organs, the 
leading characteristics are as follows: ‘The body may be either covered with thin 
deciduous scales, or entirely naked ; barbels are wanting; and the fatty fin is either 
rudimental or of very minute size. Both the premaxille and maxille take a share 
in the formation of the margin of the upper jaw, and bear pointed teeth of variable 
length. ‘The bones of the gill cover are not fully developed; the gill opening is of 
great width; false gills may or may not be developed; and, when present, the air 
bladder is of simple structure. The ovaries are furnished with ducts. Whereas 
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in ‘the figured species the teeth are small, in the allied genus Chazliodus they are 
greatly elongated, and thus indicate highly predaceous habits on the part of their 
owner. | . | 

The members of the second family of which the bearded hedgehog 
mouth (Echiostoma barbatum), shown in the lower figure of our illus- 
tration, is taken as an example, may be readily distinguished from the 
preceding by the presence of a long barbel to the hyoid; the skin being either 
naked or covered with exceedingly delicate scales, and the fatty fin (as in the 
figured specimen) frequently wanting. In other characteristics these fishes closely 
resemble those of the preceding family. When a fatty fin is present, as in the 
genus Astronesthes, the rayed dorsal is of considerable length, and placed in 
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SILVERY LIGHT FISH, AND BARBED HEDGEHOG MOUTH. 
(One-half natural size.) 


advance of the anal; but in the other genera both the anal and dorsal are short, and 
placed opposite to one another a short distance in advance of the forked caudal. In 
the genus represented by the figured species, the body is naked and the pectoral fins 
are filamentous; but in the allied Stomzas there are exceedingly small scales which 
scarcely overlap one another. Occasionally met with floating in a helpless con- 
dition, these fishes have been dredged from depths of eighteen hundred fathoms; 
and it will not escape the notice of the reader that, although dwelling in total 
darkness, they, like most of their allies, have well-developed eyes. On this point, 
Monsieur Filhol writes that ‘‘the existence of eyes in fishes which we believe to 
live in a dark medium, seems at first sight impossible to understand. But this fact 
receives an explanation when we learn that the creatures furnished with these 
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organs are covered with a coating of lumious mucus, or bear phosphorescent plates. 
The phosphorescence with which the fishes of the ocean depths are endowed serves 
indeed both to guide them and to attract their prey, filling for them in the latter 
case the same office as a torch in the hand of a fisherman. ‘This peculiarity has 
been long noticed in surface fishes which pursue their prey at night; Bennet, for 
- instance, having described a shark which gives off a bright green phosphorescence 
from the lower surface of its body. On one occasion that zoologist brought into a 
room a freshly-caught specimen of this shark, upon which the whole chamber was 
illuminated with the light given off from its body. It is probable that the different 
species of sharks living at moderate depths, like the one described by Bennet, make 
use of their luminosity solely for the purpose of attracting their prey within reach. 
In most cases the origin of this light-giving mucus must be attributed to glandular 
organs distributed along the flanks and tail, on the head, and more rarely on the 
back. ‘There exists, however, in certain fishes, which lack these glandular organs, 
an apparatus of a totally different nature for the emission of light;. this apparatus 
consisting of a kind of biconvex transparent lens closing the front of a chamber 
filled with clear fluid. This cavity is carpeted by a blackish membrane, formed of 
hexagonal cells, thus recalling the retina of the eye, and is connected with certain ~ 
nerves. Phosphorescent plates of this type may be situated either beneath the 
eyes, or on the sides of the body,’”’ one of the fishes thus furnished belonging to the 
family now under consideration, in which it forms the genus Malacosteus. A 
specimen of this fish captured before death had ensued was observed to emit a 
yellowish light from the uppermost plate beneath the eye, while that from the 
lower plate had a greenish tinge. In the genus SYomzas, continues our author, 
‘the sides of the body present a double longitudinal series of phosphorescent plates, - 
which emit light in such a manner as to cause the whole fish to be bathed in a 
brilliant luminous halo. ‘This fish must, indeed, be a formidable creature to the 
other inhabitants of the ocean abysses; being in every way constructed and armed 
for strife, and its powerful teeth admirably fitted to seize and tear the flesh of the . 
other fishes upon which it preys.” In other species (e.g. Hustomias) the barbel is 
greatly iengthened, all the fins form long dentated filaments; the whole of these 
structures being apparently modified for-the emission of phosphorescent light. In 
our figured species not only are there luminous dots down the sides of the body, 
but also larger plates beneath the eyes. 


Tur Doras— Family CH/ROCENTRIDE 


With the fish represented in the illustration on p. 2860, which ranges from 
the Red Sea to the Malay Archipelago, and is commonly known in the East as the 
dorab ( Chirocentrus dorab), we come to the first of what we may term the herring 
and salmon group, the more typical members of which differ from the preceding 
families of this section in having the parietal bones of the skull separated from one 
another by the intervention of the supraoccipital. In common with the herrings, 
this fish, which is the sole representative of its family, has but a single true tail 
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vertebra. Externally the body is covered with thin deciduous scales; barbels, and 
a fatty fin are alike lacking; but the elements of the gill covers are fully developed. 
The margin of the upper jaw is formed partly by the premaxillee and partly by the 
maxillz, which are firmly welded at their junction; the short dorsal fin is situated 
in the caudal region of the vertebral column above the much longer anal, the tail is 
deeply forked, the pelvic fins are minute, the lower surface of the body is sharp, 
the gill opening wide, and false gills wanting. The upward direction of the cleft of 
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(One-thirtieth natural size.) 


the mouth, which is armed with formidable teeth, coupled with the elongation of 
the lower jaw, gives a rather peculiar expression to the head, and the eyes are 
remarkable for being covered with skin. The stomach is furnished with a blind 
appendage, the intestine is short, and the air bladder cellulated. As this fish attains 
a length of fully a dozen feet it is a sufficiently formidable monster, and when cap- 
tured is said to bite viciously at every object within reach. Its flesh is of poor 
quality. It has been considered that the extinct Chzvomystus, from the Eocene of 
Brazil, may belong to this family. 


LONG-FINNED HERRING — Family BATHYTHRISSIDZ 


Although its osteology has not apparently been described, we may place here 
the fish (Bathythrissa dorsalis) shown in the illustration on p. 2861, which is another 
of the numerous forms in the present section representing a family by itself. Hav- 
ing an oblong body, with a rounded under surface, invested with cycloid scales, the 
head naked and devoid of barbels, and no fatty fin, this fish may be. at once 
recognized by the great length of the many- -rayed dorsal fin, which occupies 
nearly the whole length of the back, and is situated in advance of the short anal. 
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There is no air bladder, and very small eggs are produced by the ductless ovaries. 
This fish, which attains a length of two feet, has been obtained in Japanese waters 
at a depth of between three and four hundred fathoms. 


LONG-FINNED HERRING. 
(One-fourth natural size. ): 


THE EXTINCT SAURODONTS — Families ENCHGDONTIDZ, 
SAUROCEPHALID, etc. 


Before proceeding to the consideration of the herrings, we may briefly refer 
to a group of more or less closely-allied extinct families, mainly characteristic of 
the Cretaceous period, but also represented in the lower Tertiaries. From the 
large size of their 
lanciform, reptile- 
like. teeth, all the 
members of the 
group are collec- 
tively spoken of as : 
the saurodont fishes. oe SKELETON OF A SAURODONT FISH Cnt fl ag: 

The first family ' 3 
(Dercetide) is typified by the genus Dercetis, of the Chalk, and is characterized Te 
the elongated form of the body, the large size of the teeth, which are implanted in 
sockets, and the presence of several rows of large triangular bony plates along the 
sides of the body; the muzzle being frequently produced into a beak, and the dorsal 
fin single. Nearly allied is the family (Azchodontide) represented by the widely- 
spread Cretaceous genera Enchodus and Eurypholis; these fishes having the body 
moderately compressed, and either naked or partially protected by bony plates, 
and ‘the elongated upper jawbones armed (like those of the lower jaw) with small, 
immovably welded teeth. To a third family belongs the genus Sauvocephalus, 
from the North American Cretaceous, which, together with the allied forms, has 
the body much compressed, the large upper jaw armed with powerful teeth, usually. 
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set in sockets, and a single series of similar teeth in the lower jaw, the palatine 
bones being toothless. A peculiarity of the vertebrze of these fishes, with the 
exception of those of the neck, is the presence of two deep grooves and pits on their 
sides. Some of these fish attained huge dimensions; the American and Australian 
Cretaceous genus Portheus being distinguished .by the presence of an enormous bony 
crest in the middle line of the skull. 


Tue HERRING TRIBE— Family. CLUPEID& © 


Second to none in their commercial importance, the herring tribe are remark- 
able for the enormous number of individuals by which several of the species are 
_ represented rather than for the multiplicity of the ‘species themselves; this being 
probably one of the chief reasons for the great value of these fishes as a food sup- 
ply. Although the existing representatives’ of the family may be readily dis- 
tinguished from the salmonoids by the absence of a fatty fin, yet extinct forms 
indicate such an intimate connection between the two groups as to induce some 
naturalists to include both in a single family. Whatever may be the ultimate ver- 
dict on this point, in a work like the present, where we are mainly concerned with 
living types, it is obviously preferable to follow the ordinary system. While the 

typical representatives of the family have the parietal bones of the skull separated 
by the supraoccipital and but one true tail vertebra, in the genus Z/ops the parietals 
are in contact, and there are two caudal vertebre. On this account it has been 
proposed to make the latter genus the type of a distinct family; a similar proposal 
having been made in the case of an analogous departure from the ordinary type 
among the salmonoids. In addition tothe absence of the fatty fin, most herrings 
are characterized by the presence of small bony plates on the lower margin of the 
body. Externally the whole body is scaled, with the lateral line mostly wanting; 
while the head is generally naked, and the muzzle always without barbels. The 
under surface is more or less compressed, and generally so much so as to forma 
sharp edge which is usually‘serrated. In the gill cover the four elements are 
present, and the gill openings are in most cases very wide. Both premaxillze and 
maxillze enter into the formation of the margin of the upper jaw, but each of the 
latter bones is peculiar in being composed of three separate pieces. The single 
short dorsal fin has a small or moderate number of weak rays, and the anal may be 
many-rayed. The stomach is furnished with a blind sac; the air bladder is of more or 
less simple structure; and well-developed false gills are usually present. Distributed 
over all temperate and tropical seas, herrings are mainly littoral fishes, none of them 
being inhabitants of deep water, and none truly pelagic. Although the majority 
are marine, many of them will enter fresh water, and some live permanently therein, 
while it is probable that all can be acclimatized to such conditions. As might have 
been expected from their generalized structure, herrings are an ancient group, the 
typical genus dating from the period of the Chalk, while anchovies and other exist- 
ing generic types are known from the Eocene. A number of more or less allied Cre- 
taceous genera appear to connect the family very closely with the higher ganoids. 
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The common herring (Clugea harengus) belongs to a group of 
genera characterized by the equality in the length of the two jaws, 
the presence of free fatty lids to the eyes, and the serration of the lower border of 
the hinder part of the body; the typical herrings being.distinguished from the allied 
genera by the anal fin being of moderate length, with less than thirty rays, and the 
serration of the under surface commencing from the chest or point of origin of the 
pectoral fins. Usually the scales are of moderate or large size, although they may 
be small; the cleft of the mouth is of medium width; and if teeth are present at all, 
they arerudimental and deciduous. In position the dorsal fin is opposite the anal, 


Typical Group 


SHAD, SPRATS, AND HERRING. 
(The shad one-fifth, the others one-third natural size.) 


and the caudal is deeply forked. Represented by some sixty species, the genus has 
a distribution coextensive with that of the family; but whereas the flesh of the 
majority of its representatives is of excellent quality, that of some tropical forms 
may acquire poisonous properties; In the case of such a well-known fish as the 
common herring it will be superfluous to give any description; but it may be men- 
tioned that this species may be distinguished from its allies by the presence of a 
patch ‘of small ovate teeth on the vomer. It has also the dorsal fin situated exactly 
midway between the extremity of the muzzle, and the longest ray of the caudal fin, 
and the pelvic fins are directly under the dorsal. Whitebait are for the. most part 
the young of this species. Common to both sides of the cooler regions of the 
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Northern Atlantic, the herring ranges eastward to the seas on the north of Asia. 
Associating in shoals numbering millions of individuals, the herring feeds upon 
crustaceans, worms, insects, and the young and eggs of other fishes, as well as 
those of its own kind. ‘‘ During the day ,’’ writes Mr. J: M. Mitchell, ‘‘ the shoals 
are sometimes observable near the surface, and may be seen playing on the water, 
as the fishermen call it, making a ripple,—a dark roughness similar to what we may 
see at the beginning of a slight breeze, this being somewhat observable without the 
appearance of either whales or birds. The passing near or over them of a boat or 
ship makes them instantly dart off in every direction, leaving the appearance of 
long trails of light, if at night. We have been informed by fishermen of New- 
haven that the herrings take considerable flights out of the sea; off Stonehaven, in 
the month of September, one of these men having seen a shoal, after the spawning 
season, rise up out of the water in a vast mass of many yards in extent, sparkling 
and flashing and flying several feet above the surface. . . . On some of the coasts, 
as on those of Norway the herring shoals are frequently accompanied or pursued 
by numbers of whales and aquatic birds, which are all occupied in preying on them. 
The large dark masses of the whales rising and blowing and throwing up great 
quantities of the herring into the air, sparkling and glittering in the clear winter 
day; the constant’movements of the birds, with their shrill notes, actively engaged 
in seizing their easily-obtained food, vying with man in their attacks on the count- 
less myriads of herrings, form a most wonderful sight. . . . When the herrings 
swim near the surface, if it is calm weather, the sound of their motion is distinctly 
heard at a small distance; and at night their motion, if rapid, causes a beautiful 
bright line from the phosphorescent quality of the skin; and it is also said, that 
when a great body of them swims near the surface, their presence is ascertained by 
a strong fishy smell.’’ In another passage, after stating that the idea of fish 
migrating from the Arctic regions southward is purely erroneous, the same author 
observes that ‘‘ from all circumstances known of the natural history of the herring, 
in regard to its visits on our own coasts and the coasts of other countries, it is 
‘reasonable to suppose that it inhabits the seas in the neighborhood of the coasts on 
which it spawns, and that it arrives at particular seasons near the coasts for the 
purpose of spawning, the shoals leaving the coasts immediately thereafter; and 
the early or late, distant or near, approach to the coast in different years, perhaps 
depends on the clear and warm, or dark and cold weather of the seasons, as well as 
upon the depth of water at the feeding and spawning grounds.’’ MHerrings have 
been kept in a brackish-water pond communicating with the Humber, where they 
became dwarfed in size. | 

The much smaller sprat (C. sfvattus), so abundant on the Atlantic coasts of 
Europe, differs by the absence of vomerine teeth;.while the shad (C. fzta), shown 
in the upper figure of the illustration on p. 2863, may be distinguished by having 
one or more black blotches on the sides. In this species, which not only frequents 
the European coasts, but ascends rivers, and is abundant in the Nile, the bony gill 
rakers, of which there are from twenty-one to twenty-seven on the horizontal por- 
tion of the outer gill arch, are short and stout. On the other hand, in the similarly 
spotted allice shad (C. alosa) the gill rakers are very long and fine, and number 
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from sixty to eighty on the part mentioned. Both the shads are considerably larger 
than the herring. Whereas in both the herring and the sprat the opercular bone is 
smooth, in the pilchard or sardine (C. filchardus) this part is marked by ridges 
radiating toward the subopercular. This species is abundant.in the English Chan-. 
nel, the seas of Spain and EGHEE and the Mediterranean; Vigo bay being noted 
for its sardine fishery. 

The following account of the sardine fishery is HAS from the Asian news- 
paper: ‘‘ Sardines are migratory in their habits, and the exact /oca/e of their winter 
quarters, despite frequent research on the point, remains a mystery. In ordinary 
years it is the custom for the fish to make their first appearance on the coast of 
Africa about the end of March, then passing northward in large shoals, they follow 
the coast of Portugal, crossing the Bay of Biscay, till they strike the coasts of 
Vendée in the month of April or May. Before daybreak the fishing boats leave 
port to search for the shoals of sardines; indeed, many leave in the evening and 
anchor at sea. When a peculiar bubbling of the water reveals the fish, the nets are 
immediatély thrown. Each net is from nine hundred to one thousand yards in 
length, about three yards in width, and black in color. On the upper part of the 
net are corkfloats, and on the lower part leaden sinkers to keep the net in an 
upright position. The oarsmen, generally two in number, row always either 
against the wind or the tide. One man casts the net as the boat advances, while 
-another throws the vogue into the water. ‘This bait is an important feature of the 
sardine catch, as it is expensive, and fishermen often lose considerable quantities of 
it. Itis made of the roe of codfish or mackerel mixed with clay, and costs from . 
seven to seventeen dollars a barrel, and it is thrown into the water in small 
balls, which slowly dissolve and sink. At nightfall the boats return to port, . 
where they sell their fish to the canners at prices varying according to the 
abundance of the catch and the size and. freshness of the fish. .Sales are made by 
the ‘thousand,’ but this term does not always indicate exactly a thousand sardines. 
For example, at Belle Isle one thousand two hundred and forty fish are supposed to 
make a thousand. Factories for preserving sardines are located at all the ports, for 
the fish spoil easily and cannot bear transportation. The fishermen convey the 
sardines to the factories in baskets. The process of canning is as follows: The 
sardines are spread on boards and salted, and the heads removed. ‘They are then 
thrown into brine, where they remain half an hour. ‘They are next washed in clean 
water and dried on screens. This work is done almost entirely by the wives and 
children of the fishermen, their united wages during the season enabling the family 
to subsist during the following winter. After the fish have been thoroughly dried 
they are cooked by dipping them for a few minutes in oil heated to 212° F.. They 
are again drained and handed over to workmen, who pack them in small tin boxes, 
which are filled with pure olive oil and then soldered. The oil used is imported 
_ from the province of Bari, Italy. The boxes are next thrown into hot water, where 
they remain for two or three hours, according to the size of the boxes. When 
withdrawn, the boxes are first cooled, then rubbed with sawdust to cleanse and 
polish them, and packed in wooden cases of one hundred boxes for export, during 


their immersion in the boiling water oil will escape from all boxes not properly 
180 
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soldered, and in such cases the loss is sustained by the solderer, but so skillful are 
those in the craft that a good workman rarely misses more than two or three boxes 
per hundred. Periodically the ms entirely disappear for a season or so from the 
coasts of Spain, France, and Italy.’ 

Especial interest attaches to,the Australian fresh-water herrings 
(Diplomystus), which differ from the typical genus in having a 
series of bony plates similar to those on the lower surface between 
the back of the head and the dorsal fin, since a similar type of fish has been long 
known in a fossil state, having been ‘obtained from the Cretaceous rocks of Brazil 
and Syria, and the Lower Tertiary of the United States and Britain. ‘The persist- 
ence at the present day of this ancient type of herring in the fresh waters of Aus- 
tralia is an instance of the survival of primitive forms of life in that region. 

The common anchovy of the Mediterranean (Engraulis encrassich- 
olus) is the typical representative of a second widely-spread genus, 
with over forty species, differing from the last by the more or less nearly conical 
muzzle projecting beyond the lower jaw, and also by the eyes being covered with 
skin; while the cleft of the mouth is deep, and the tail fin forked. In most cases 
each side of the body is ornamented with a broad longitudinal silvery stripe.. The 
common anchovy is met with off the southwestern coasts of England, but wanders 
still further to the north, and serves to supply the markets of the world. Some 
species have the rays of the pectoral fins produced, and thus lead on to the allied 
Oriental genus Coz/za, in which the foremost rays of these fins are filamentous, and 
the exceedingly long anal fin extends backward to join the caudal. 

A very distinct group, which, as already mentioned, is regarded by 
some as a distinct family, is typically represented by the two species 
of the tropical and subtropical genus £/opfs. In addition to the characters of the 
skull noticed on p. 2862, these fish have the lower jaw longer, a thin plate of bone 
extending backward from the point of union of the two branches of the lower jaw, 
and the whole under surface of the body smooth and rounded. The common species 
grows to a yard in length. An.-allied type (Khacholepts) occurs in the Cretaceous 
rocks of Brazil. 

The earliest allies of the oe tribe seem to be the extinct slender 
scales (Leptolepidide), of which there are a considerable number of 
species, ranging throughout the Jurassic period. In the typical Lefptolepis the dor- 
sal fin is placed immediately over the pelvic pair, but in the nearly-allied 7hrissops 
it is over the anal. Although there are a number of other extinct generic types, 
more or less closely related to herrings, it 1s impossible to eriter into their consider- 
ation here, and we accordingly pass on to 
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f 


Families ALEPCCEPHALID® and HAPLOCHITONIDE 


The first of these two families is typically represented by the genus 
Alepocephalus, of which a species (A. niger) is shown in the annexed 
illustration. While agreeing with the typical salmonoids in the structure of the 
skull and the presence of two true tail vertebrze, as well as in other features, these 
fish may be distinguished by the absence of the fatty fin. Whereas barbels are 
invariably absent, and the head is always naked, the body may be either scaled or 
bare. Both premaxille and maxillee enter into the formation of the margin of the 
upper jaw, tue former occupying the upper front edge of the latter. All the ele- 
ments of the gill cover are present; the dorsal fin is situated opposite the anal in the 
caudal region; the gill openings are very wide; false gills are present; the air blad- 


Smooth Heads 


BLACK SMOOTH HEAD. 
(One-third natural size.) 


der is wanting; and the curved stomach has no blind appendage. All these fish 
have the teeth feebly developed, the eye large, and the bones thin; while they are © 
remarkable for their uniformly black coloration. ‘The whole of them are deep-sea 
fishes, with an apparently almost cosmopolitan distribution, some of them having 
been taken at a depth of over_two thousand fathoms. Whereas the body of the 
typical genus is covered with thin cycloid scales, in another type the place of these 
is taken by fine granules. | 
By this name may be designated two genera of fresh-water fish, con- 
Southern stituting a family which represents the salmonoids in the Southern 
Ce wtp Hemisphere; the zebra salmon (//aplochiton zebra) being figured as an 
example of the typical genus. Like the salmon and herrings, devoid of barbels, 
‘these fish agree with the former in the presence of a fatty fin, but differ in having 
the margin of the upper jaw formed solely by the premaxillary bones. - The body 
may be either naked or covered with scales; the gill opening is wide; false gills are 
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present; and the air bladder is simple. The ovaries are in the form of plates, and, 
in the absence of a duct, the eggs fall into the abdominal cavity. The species of 
the typical genus, which, although devoid of scales, are externally very similar in 
appearance to trout, are confined to the lakes and rivers ‘of Chili and the extreme 
south of Patagonia and the Falkland islands. «In South Australia and New Zealand 
the family is represented by the genus Profotroctes, in which the body is scaled and 
the jaws are armed with minute teeth; the New-Zealand species being commonly 
known to the colonists as the grayling. : f 


THE SALMON TRIBE — Family SALMONIDE 


_ With the salmon tribe, which include the finest and ‘‘ gamest’’ of all fresh- 
water fish, we come to the last group of the true bony fishes, which may be 
distinguished from the preceding family by the margin of the upper jaw being 
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ZEBRA SALMON. 


formed by the premaxille in front and by the maxille at the sides. Asa rule, the 
body is scaled, while the head is invariably naked, the under surface of the body 
being rounded. Inhabiting alike salt and fresh waters, those species which spend — 
a part or the whole of their existence in rivers or lakes are in the main confined to 
the Temperate and Arctic zones of the Northern Hemisphere, although one out- 
lying genus occurs in New Zealand; and whereas the majority of the marine forms 
are deep-sea fishes, two genera are entirely pelagic in their habits. A considerable 
number of the species inhabiting fresh waters descend periodically or occasionally 
to the sea; and in some cases it is perhaps rather difficult to say whether these 
fishes should be regarded as marine or.fresh water. All the salmonoids are remark- 
able for the excellent quality of their flesh, which in many forms is of a more or less 
strongly-marked pinkish hue, brought about by the crustaceans on which these 
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carnivorous fishes so largely feed. Fossil marine salmonoids, some of which belong 
to existing genera, are known from the upper Cretaceous period, several of them 
apparently connecting, the family very closely with the herrings. As mentioned 
before (p. 2862) the more typical members of the family have the parietal bones of 
the skull separated from one another by the supraoccipital, but in Coregonus and 
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SALMON AND SEA TROUT, 
(One-sixth natural size.) 


Thymallus they unite in front of it. There is, however, a genus. (.Stenodus) 
in which both conditions exist, so that there is no justification for making the 
union of the parietals a reason for referring Coregonus to a family apart. Invall 
cases the supraoccipital extends forward to join the frontals (passing beneath the 
parietals in the genera where those unite), and is thus quite different from the con- 
dition obtaining in the carps and characinoids. 


2870 THE BONY FISHES AND GANOIDS 


Having the dorsal nearly or quite opposite the pelvic fins, the mem- 
Eyal Stee bers of the typical genus Salmo are characterized by the small size of 
the scales of the body, the strong and fully-developed teeth, and the presence of not 
more than fourteen rays in the anal fin, and of numerous blind appendages to the 
intestine. The cleft of the mouth is always deép, the maxilla extending up to or 
‘beyond the line of the eye. Conical teeth are present not only in the margins of 
the jaws, but likewise on the vomer and palatine bones, as well as on the tongue, 
although there are none on the pterygoids. The eggs are remarkable for their 
relatively large size; and the young, like those’ of most or all the other genera, are 
marked with dark crossbars. In the males the lower jaw is more developed than 
in the females, and at certain seasons may be developed into an upturned hook. 
The genus is confined to the colder portions of the Northern Hemisphere, its 
‘southern limits in the Old World being the rivers of the Hindu Kush and the Atlas ~ 
range, and in America the rivers flowing into the head of the Gulf of California. 

_ Few zoological subjects have given rise to a greater amount of discussion than 
the life history of the members of this genus, and the number of species by which it 
is represented. As regards the latter point, great difference of opinion still prevails 
among experts. Thus, for instance, Day considered that all the indigenous British 
salmonoids might be arranged under three specific types, namely, the salmon, the 
trout, and the charr; while other authorities admit an almost endless amount of 
- species. The subject is not one which admits of discussion in this work; and we 
shall accordingly confine our notice to the salmon, the typical sea and river trout, 
and the charr. As regards the variability of these fishes we may, however, quote 
a passage from Dr. Giinther, who writes that ‘‘ these are dependent on age, sex, 
and sexual development, food, and the properties of the water. Some of the 
species interbreed, and the hybrids mix again with one of the parent species, thus 
producing an offspring more or less similar to the pure breed. The coloration is, 
first of all, subject to variation; and consequently this characteristic but rarely 
assists in distinguishing a species, there being not one which would show in all 
stages of development the same kind of coloration. ‘The young of all the species 
are barred; and this is so constantly the case that it may be used as a generic, or 
even asa family characteristic, not being peculiar to Sa/mo alone, but also common 
to Zhymallus, and probably to Coregonus. ‘The number of bars is not quite con- 
stant, but the migratory trout have two (and even three) more than the river trout. 
In some waters river trout remain small, and frequently retain the parr marks all 
their lifetime; at certain seasons a new coat of scales overlays the parr marks, 
rendering them invisible for a time. When the salmonoids have passed this ‘ parr’ 
state, the coloration becomes much more diversified. The males, especially during 
and immediately after the spawning time, are more intensely colored and variegated 
than the females; specimens which have not attained to maturity retaining a 
brighter silvery color, and being more similar to the female fish. Food appears to 
have much less influence on the coloration of the outer parts than on that of the 
flesh; the more variegated specimens being frequently out of condition, while well- 
fed individuals with pinkish flesh are of a more uniform, though bright, coloration. 

The water has a marked influence on the colors; trout with intense ocel- 
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lated spots are generally found in clear rapid rivers, and in small open Alpine pools; 
in the large lakes with pebbly bottom the fish are bright silvery, and the ocellated 
spots are mixed with or replaced by X-shaped black spots; in pools or parts of 
lakes with muddy or peaty bottom, the trout are of.a darker color generally; and 
when inclosed in caves or holes, they may assume an almost uniform blackish ~ 
_coloration.’’ A change of color also takes place in the migratory species with the 
renovation of the scales, which occurs during their residence in the sea, the newly- 
grown portion of the silvery scales concealing the spots; and this change of color- 
ation varies greatly according to the habitat of the individuals of some of the 
species. Variations of. size are also common, these being for the most part depend- 
ent upon the abundance or otherwise of the food, and the extent of the area in 
which the fish dwell; but differences in this respect also occur among the fish 
hatched from the same batch of spawn, and living under the same conditions. The 
variations in the form and proportions of the body, and more especially in the head 
and jaws, according to age, sex, and season, are likewise very important, but can- 
not be noticed fully. 

The true salmon (.S. salar), together with the kindred species and 
the trouts, belongs to a group of the genus characterized by the pres- 
ence of teeth on the whole length of the vomer during at least some period of life. 
In the case of such a well-known fish — and also one which is generally pretty easy 
to distinguish from its congeners —it will be unnecessary to give a description. Dr. 
Gunther gives, however, certain characteristics by which this fish may always be 
identified, and among these the following may be noticed. ‘The scales on the tail 
are of relatively large size, and each transverse series running from behind the fatty 
fin toward the lateral line contains only eleven, or occasionally twelve, whereas in 
the trouts there are from thirteen to fifteen. Secondly, the main part or body of © 
the vomer carries a single series of small teeth, which, with advancing age, gradu- 
ally disappear from behind forward, so that half-grown and adult individuals have 
but a few remaining. Having a circumpolar distribution, the salmon ranges south- 
ward in America to 41° north latitude, and in the Old World to 43°, being unknown 
in any of the rivers flowing into the Mediterranean. Salmon will grow to a length 
of between four and five feet, and commonly reach as much as forty pounds. Much 
heavier fish are, however, occasionally captured. Among these may be mentioned 
a salmon of sixty pounds from the Severn in 1889; one from the Tay of sixty-two 
pounds in 1891; a third of sixty-three pounds from the Esk in 1890; another of 
sixty-eight pounds from the Tay in 1893; and a fifth from the same river taken in 
1870, which weighed a fraction under seventy pounds. ‘There is an earlier record 
of a British salmon of eighty-three pounds weight, while a Russian is stated to have 
scaled upward of ninety-three pounds. 

For the following brief sketch of the life history of the salmon, we are 
indebted to a paper by Mr. G. Rooper, from which the following extracts, with 
some verbal alterations, are taken. After mentioning the well-known periodical 
migration of salmon, the writer observes that the eggs are deposited by the female 
‘““some time during the winter months, in beds of gravel over which a rapid stream 
flows, principally in the upper reaches of the river, where the water is more 
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aerated and free from pollutions of any sort—since clay, earth, or any extraneous 
substance would choke and destroy the embryo fish. Indeed, from the time 
of entering the river, the object of the fish seems to be to arrive at its source. 
Until they have spawned they never descend, but, resting. at times in favorite 
pools, continually struggle upward. Only the late fish spawn in the lower 
waters. To such as have only seen the salmon in prime condition, the appearance 
of the fish when on the eve of spawning would come as a surprise. ‘The female 
is then dark in color, almost black, and her shape sadly altered for the worse 
from that which she presented when in cordition. As for the male; he is about 
as hideous as can well be imagined, his general color being a dirty. red, blotched 
with orange and dark spots. His jaws are elongated, and the lower one furnished 
with a huge beak, as thick, and nearly as long as a-man’s middle finger; while his 
teeth are sharp and numerous, and his head, from the shrinking of the shoulders, 
appears disproportionally large. ‘His skin also is slimy and disagreeable to 
handle, and, in fact, scarcely a more repulsive creature in appearance exists. 
Arrived on the spawning ground the female, then called a baggit, alone proceeds 
to form the nest, or ‘redd’ as itis termed. ‘This she effects by a sort of wriggling 
motion of the lower part of her body working on the loose gravel. Many authors 
state that this is effected by the action of the tail, but I think the convex 
formation of the body at that period would prevent the tail touching the gravel, 
unless the fish stood at an angle of 45°, in which case the stream would carry 
her down. ‘he redd, a deep trench, being formed, the female proceeds, attended ~ 
by the male ‘fish — frequently by two kippers, as they are then cailed—to deposit 
her eggs. ‘This. she does, not all at once, but in small quantities at intervals, 
frequently returning to the redd for the purpose. The eggs are at once fecundated 
by the milt of the kipper; this process going on for two or three days, the fish 
sinking down occasionally into the pool below to rest and recover their strength. 
The effect of the fertilization of the ova is to add greatly to their specific gravity; 
the eggs sink, and are at once covered with gravel by a similar motion on the 
- part of the baggit to that used in the formation of the redd. Mere, the process 
being completed, the eggs remain during a period of from one hundred and twenty 
to one hundred and forty days, according to the temperature of the water. At 
the expiration of that time, the little fish come into existence, and, after a few days, 
wriggle out of their gravelly bed and seek refuge under an adjacent rock or 
stone, where they remain in safety for some twelve or fourteen days longer. 
The appearance of the young fish at that time gives little promise of the beautiful 
form to which they subsequently attain. ‘They are indeed shapeless little monsters, ~ 
more like tadpoles than fish, each furnished with a little bag of nutriment forming 
a portion of the abdomen. On this, for two or three weeks, they subsist, until it is 
absorbed, when they take the form of fishes. ‘They are then about one inch in 
length, and are known as salmon fry or samlets. A portion of the eggs are washed 
down the stream during the process of spawning, and become the prey of trout and 
other fish which attend: the redds for the purpose of feeding on them. In this they 
do no harm whatever, for these eggs, being uncovered and unfecundated, could 
never arrive at maturity. -The kippers, when not actually engaged in the spawning 


“S 
as 


oe 


a 


: | ‘A SALMON LEAP 


e 


ites Fda 3 
=e 
he 


ae 


THE SALMON TRIBE 2873 


process, swim rapidly about the redd, fighting fiercely with one anothet. The use 
of the beak appears then to come into operation. Many authors erroneously de- 
‘scribe this beak either as a weapon of offense, or as a sort of pickaxe used in dig- 
ging out the redd; but it seems to me that nature has provided this singular excres- 
cence as a protection and safeguard against the savage attacks made on each other. 
So large is its size, and so closely does it fit into the hole or socket formed in the 
upper jaw, that it would appear almost impossible for the fish even to open his 
mouth ; but he does so, to some extent at least, and with its cat-like teeth inflicts 
deep, and sometimes dangerous wounds on his antagonists. As to its alleged use 
as a digging implement, the substance of the beak is cartilaginous, not horny, and 
by no means hard; it would be worn down in the process of digging in ten minutes, 
and, moreover, the female alone prepares the redd. After leaving the stone or rock 
under which it has sought protection, the young fish grows very rapidly, as is nat- 
ural in one destined to attain such huge dimensions as the salmon. In the course 
of a month or six weeks the fry have attained to the length of four inches, and are 
then called ‘parr’; when they bear conspicuously on their bodies transverse marks 
or bars, which are common to the young of every member of the salmon family. 
Unfortunately, there is another little fish, a humble relation of the lordly salmon, 
also barred, very similar in appearance, which too is called a parr, and the identity 
in name and similarity in appearance has occasioned great confusion and contro- 
versy, especially as they are inhabitants of the same waters, and affect to some ex- 
tent each other’s company. ‘The time of their remaining in the parr stage is also a 
subject of dispute; and while some say two, three, or sometimes four years, my 
opinion is that they remain one year only. In the second April of their existence a 
change in the appearance of the parr occurs, which assumes the silvery scales of the 
adult fish, wearing his new apparel over his old barred coat. He is now called a 
‘smolt,’ and perhaps, with a wish to exhibit himself in his new and beautiful ap- 
parel, evinces a daily increasing restlessness and desire to quit his home.. With the 
first floods in May myriads of these lovely little fishes start on their downward 
journey toward the sea. It is a beautiful sight to watch their movements when 
descending; and for many days the river teems with them, not a square foot of 
water being without one when the stream is at all rapid. As fry the smolts were 
exposed to many dangers, but they were nothing to those which beset them as 
parrs on their journey toward the sea. Their enemies are legion. Trout and pike 
devour them; gull swoop down and swallow them wholesale. Herons, standing 
mid-leg deep in the water, pick them out as they pass; and even their own kindred 
devour them without scruple. Unluckily, too, for them, a certain number of great, 
hungry kelts (as the fish are called after spawning), having recovered to a great 
extent their condition, accompany them on their seaward journey, and prey upon 
their young companions as they travel; and I believe that a hungry kelt will devour 
upward of forty or fifty smolts in aday. Arrived at the sea, the little fish are met 
by a fresh array of enemies. The army of gulls is always with them, and these are 
reinforced by cormorants, divers, and other sea birds, besides which shoals of 
ravenous fish await their arrival, and assist in thinning their ranks. It. is wonder- 
ful that any should escape, and, but for the extraordinary fecundity of the salmon, 
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they would speedily be annihilated; but such is their prolific nature that a remnant 
always survives to return to the spawning beds and keep up the supply. Buckland 
calculated that the number of eggs laid by a salmon was about one thousand to the 
pound weight, a fish of fifteen pounds therefore producing fifteen thousand eggs. 
The food of the smolt during its sojourn in the sea is abundant, consisting chiefly 
of sand eels, mollusks, and marine insects. ‘The smolts increase accordingly very 
rapidly in size, and in three or four months the fish that came down five or six 
ounces in weight returns to the river from whence it came, a grilse of from four to six 
pounds; the grilse being the fifth stage of the salmon’s existence. Unless acciden- 
tally prevented the grilse always returns to the rivér from whence it came, and after 
spending the autumn and winter at home, and providing for the continuance of the 
family by spawning, as already described, returns as a kelt to the sea in the follow- 
ing year, reappearing the next as a salmon of at least ten or twelve pounds weight. 
It should be added, that, after spawning, the fish speedily recover their color, and 
to a great extent their condition; the baggit at once losing her dark complexion, 
and the kipper discarding his hideous livery, his great beak being rapidly absorbed, 
his sides becoming silvery, and his back assuming a dark bluish tinge.’’ 7 
With reference to the statement in this account that salmon always return to 
the river of their birth, it may be observed that although this is generally the case, 
the circumstance that salmon occasionally make their appearance at the mouth of 
the Thames and other rivers which they have ceased to inhabit, shows that there 
are exceptions to the rule. ‘The obstacles that salmon will surmount in their ascent 
of rivers during the return from the sea are too well known to require notice; but it 
is probable that the height to which they can leap has been exaggerated. ‘The 
period of spawning varies with the country, taking place in the south of Sweden 
and North Germany at the latter part of October or early in November; while in 
Denmark it may be deferred till February or the beginning of March; November. 
and December being the usual spawning months in Scotland. 
In spite of their diversity of habitat, and likewise of coloration and 
structure, Day is of opinion that the migratory sea trout, or salmon 
trout (S. ¢vutta), and the stationary river trout (S. favio), as well as the various 
forms from the British lakes, are: nothing more than varieties of a single variable 
race; and it must be confessed that no one has hitherto been able to define all the 
nominal British species with anything like definiteness. Still, however, in the — 
modern sense of the words there is no possibility of drawing a hard-and-fast line 
between a species and a variety; and the question is accordingly of no very great 
importance one way or another. Some of the characteristics distinguishing the © 
salmon from the trout have been already indicated on p. 2868; and it will suffice to 
note very shortly some of the reasons given by Day for regarding all the British 
trout as referable to a single species. It is well known that sea trout—as rep- 
resented not only by the typical form, but likewise by the so-called sewen (.S. cam- 
bricus) of the Welsh rivers —are silvery in color, with black spots during their 
sojourn in the sea; when, however, they enter the rivers for the purpose of spawn- 
ing, an orange margin appears on the upper and lower edges of the caudal, and 
likewise on the fatty, fin; while spots of the same color show themselves on the 
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body. Onthe other hand, the nonmigratory forms may be arranged under two 
types of coloration, some loch trout (which may have been originally migratory, 
but are now landlocked) being mainly silvery during the smolt stage, and sub- 
sequently golden and spotted; while the estuarine, lake, and river trout are all golden 
with purplish reflections, and more or less fully marked with black and vermilion 
spots. It appears, indeed, that a long residence in fresh water generally leads to 
the disappearance of the silvery sheen characteristic of the salmonoids while in the 
sea (and which is probably their primitive type of coloration), and to the promotion 


MAY TROUT AND HUCHO. 
(One-fifteenth natural size.) 


of color. Asa partially transitional type between sea trout and river trout may be 
taken the Lochleven trout, which is somewhat silvery during the smolt stage, with 
the spots generally black, and no orange border to the fatty fin, but at a later stage 
- assumes the general coloration of the river trout, although lacking the white black- 
based front margin to the dorsal, anal, and pelvic fins characteristic of the latter. 
Silvery trout do, however, occasionally occur in fresh water, where there is no 
possibility of their having migrated from the sea. In concluding his observations 
concerning the coloration of trout, Day writes that ‘‘reasons have been shown for 
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admitting that sea trout might breed in fresh waters without decending to the sea. 
That they can be traced step by step, and link by link, into the brook trout, and vzce- 
versa; that the Lochleven trout, which normally possesses a smolt or grilse stage, 
passes into the brook trout; and also that breeding any of these two forms together 
sets up no unusual phenomena.’’ Later on, he observes that some of the chief dis- 
tinctions between the sea- and fresh-water forms of trout consist in the compar- 
atively more complete system of dentition in the fresh-water races, their generally 
longer head, blunter muzzle, and stronger upper jaw, irrespective of the smaller 
number of blind appendages to the intestine. The dentition is, however, excessively 
variable; and specimens with the coloration and form of the river trout taken in 
estuaries, or even in the sea, usually have the small number of vomerine teeth 
characteristic of the migratory forms; while, on the other hand, fresh-water 
examples with the coloration of the migratory type, may have a dentition of the 
nonmigratory type. ‘‘It has been asserted that brook trout invariably havea 
double row of teeth along the body of the vomer, and some authors have gone so 
far as to assert that these teeth are not deciduous. Doubtless it is not uncommon to 
find trout up to two pounds weight, or even more, with all the vomerine teeth thus 
remaining intact when a double row is present; but it is by no means rare to see only 
one irregularly-placed row, while in very large specimens these teeth (unless they 
have entirely disappeared) are always in a single row, and the vomer may be found 
toothless, or with only one or two teeth at the hinder edge of the head. Equally 
incorrect is the statement that the teeth disappear differently in different forms, for 
in all they first assume a single row, and then fall out, first commencing from 
behind. But in the rapidly growing sea trout the vomerine teeth are shed sooner | 
than in the brook trout.”’ ‘The limits of our space preclude our entering further 
into the consideration of this interesting subject. ‘The ordinary sea trout, which is 
essentially a North-European fish, much more common in Scotland than in England, 
and grows to a length of three feet, is depicted in the lower figure of the illustration 
on p. 2869; while, as an example of a spotted form, we take a variety of the Con- 
tinental lake trout (S. dacustvis), shown in the upper figure of the illustration on 
p. 2875. Known on the Continent as the madforelle (May trout) this fish has the 
sides of the body marked with irregular angular or X-shaped black spots, between 
which are red spots, these spots becoming less numerous beneath the lateral line, 
while the under surface may be tinged with red. On the gill cover the spots are 
larger and more rounded. In the typical variety of this trout, from the Lake of 
Constance, the spots do not extend below the lateral line; this form being known as 
the schwebforelle. 'The migrations of the sea trout are very similar to those of the 
salmon; in Sutherland the great run of these fish to the sea taking place in June, 
while they reascend the rivers in autumn to spawn. Jardine writes that ‘‘in 
approaching the entrance of rivers, or in seeking out, as it were, some one they pre- 
ferred, shoals of this fish may be seen coasting the bays and ‘headlands, leaping and 
sporting in great numbers, from one to three or four pounds in weight; and in 
some of the smaller bays the shoals can be traced several times circling it, and 
apparently feeding.’’ On the other hand, the Continental May trout spends the 
colder months in the deepest waters of the mountain lakes, only coming to the sur- 
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face in May. During the summer these trout may be seen swimming round the 
shoals of small fishes on which they prey until they get them well together, when 
they make a sudden rush among them. — 

Much the same difference of opinion as obtains with regard to the 
number of species of trout exists in the case of charr, Dr. Gunther 
recognizing five British lacustrine species, which he regards as distinct from SS. 
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_umbla of the Swiss lakes; while Day includes the whole of these under the [atter, 


which is also taken to embrace the scebling (.S. salvelinus) of the mountain lakes of 
Bavaria and Austria, as well as the migratory northern charr (.S. a/pznus), ranging 


GRAYLING AND CHARR. 
(One-sixth natural size.) 


from Lapland and Scandinavia to Iceland and the northern parts of Scotland. All 
charr differ from salmon and trout in having the teeth at all ages confined to the 
head of the vomer, instead of being distributed over its whole length; and all the 
forms mentioned above, which have a very uniform type of coloration, agree in 
having median teeth on the hyoid bone. Without committing ourselves definitely, 
we confess that we are inclined to agree with Day as to the specific identity of the — 
whole of them. ‘To illustrate the group, we have the szebling depicted in the lower 

figure of the accompanying illustration. In the spawning season the upper parts of 
this fish are brownish green, and the sides lighter; the under surface passing 
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through all shades of orange to vermilion, from the throat to the pelvic fins, where 
the color attains its greatest intensity. The sides are ornamented with rounded 
spots varying from white to red in color; the dorsal fin has dark markings, and the 
pectoral and pelvic fins are brilliant red. This forni commonly grows to a length 
of eight or nine inches, but the northern charr attains much larger dimensions. 
Day writes that ‘‘ the colors of the British charr do not vary to so great an extent as 
in the trout, owing to their residing in deeper waters, and usually merely ascend- 
ing toward the surface at night time to feed, while other changes in tint are conse- 
quent upon the breeding season. In the Lakes of Cumberland, Westmoreland, and 
Lancashire this fish in its ordinary state is the case charr of Pennant; when exhibit- 
ing the bright crimson belly which it assumes before spawning, it is called the red 
charr; when out of season, the spawn having been shed, it is distinguished by the 
name of the gilt charr. . . . Charr are a more delicate and apparently shorter- 
lived fish than trout, requiring deeper and stiller pieces of water, and a colder tem- 
perature; they have even been recorded as residing in lochs where the sun never 
reaches the surface of the water. ‘They are readily destroyed by poisonous sub- 
stances; while attempts to introduce them to fresh localities have not been so uni- 
formly successful as with the trout.’’ 

The North-American charr (S. fontinalis), which has been successfully intro- 
duced into British waters, together with the hucho (S. hucho) of the Danube, differ 
from the foregoing in the absence of median teeth on the hyoid bone; the latter fish 
being shown in the lower figure of the illustration on p. 2875. ' The general color 
of the American charr is greenish,— lighter above than beneath,— beautifully shot. 
with purple and gold; ornamented with numerous dark spots above, and fewer below 
the lateral line, many of which in front of the dorsal fin coalesce into streaks, and 
also with red spots above the aforesaid line. Most of the fins have dark markings; 
and in the breeding season the male assumes a black line along the under surface. 
These fish usually range in size from two to three pounds, although they may be 
larger. ‘The hucho, on the other hand, which is readily characterized by its elon- 
gated, slender, and almost cylindrical form, attains dimensions equal to those of the 
salmon. . | | 

A group of migratory salmonoids (Onchorhynchus) inhabiting the 
North American and Asiatic rivers flowing into the Pacific differ from 
the typical genus in having more than fourteen rays in the anal fin, 
while their kelts are remarkable for the degree to which the jaws are hooked, and 
the humping of the back. An early writer in describing the hordes in which these 
salmon annually visit Kamchatka, states that they ‘‘come from the sea in such 
numbers that they stop the course of the rivers, and cause them to overflow the 
banks; and when the waters fall there remains a surprising quantity of dead fish 
upon the shore, which produces an imcomparable stink; and at this time the bears 
and dogs catch more fish with their paws than people do at other places with their 

nets.’”’ Dr. Guillemard adds that ‘‘every year the various kinds of salmon arrive 
at the mouths of the Kamchatkan rivers with surprising regularity. ‘The date of 
the advent of these different species extends from May to mid-August; but each has 
its own time of arrival, which, from its constancy, appears to be more or less inde- 
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pendent of seasonal influences. A few fish apparently remain at or about the river 
mouths during the summer, and eventually return to the sea, but these are so few 
as to be scarcely worthy of mention. ‘The vast majority — practically all, in fact — 
ascend the streams to spawn, and, having once done so, die. In the case of some 
species every fish appears to perish; in others, a few get back to the sea.’’ The 
Oriental salmon (O. ovdentalis) of Kamchatka commonly grows to a weight of from 
fifty to sixty pounds; and the flesh is said to be superior in flavor to that of any 
other member of the family. 

The beautiful and delicately-flavored little fish known as smelts are 
represented by three species, one of which (Osmerus eperlanus) is 
an inhabitant of the seas and many fresh waters of Northern and Central Europe, 
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COMMON SMELT. 
(One-half natural size.) 


while the second (O. viridescens), which is perhaps only a variety, is confined to 
the opposite side of the Atlantic, and the third (O. thaleichthys) is found on the 
coasts of California. These fish form a kind of connecting link between the salmon 
and its allies and the under-mentioned Coregonus, but internally differ from both, 
the appendages to the intestine being short and few in number, and the eggs small, 
while the teeth are strongly developed. The scales are of moderate size; the cleft 
of the mouth is wide, with the maxillary bone extending nearly or quite to the 
hinder margin of the eye; the teeth of the upper jaw are much smaller than those 
of the lower; the vomer is armed with a transverse series of teeth, several of which 
are tusk-like; the palatines and pterygoids bear conical teeth; while there are also 
tusk-like teeth on the front of the tongue, and several longitudinal series of small 
ones on the hinder part of the same. In length the pectoral fins are medium. 
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Growing to a length of seven or eight inches in the sea, the common smelt is also 
found in rivers and landlocked lakes, where its size is always considerably less. 
The allied candlefish ( Zhaleichthys) of the Pacific coasts of North America, dis- 
tinguished by its rudimental teeth, has flesh of such an oily nature that it can be 
burnt as a candle, although it is likewise used as food. 

For want of a collective English name, we must allude by a 
modification of their Latin title to an extensive group of mostly fresh- 
water salmonoids, among which the powan (Coregonus clupeoides), the vendace 
(C. vandestus) of Lochmaben, and the pollan (C. follan) of the Irish lakes, are. 
well-known British forms. In these’ fish the scales are not strikingly large; the cleft . 
of the mouth is of moderate size, with a broad maxilla, either short or of medium 
length, and not extending beyond the front margin of the socket of the eye; while 
the teeth, if present at all, are minute and deciduous, in the adult usually remaining 
only on the tongue. The dorsal fin is not over long, and the caudal is deeply 
forked. Whereas in the small size of their eggs these fish resemble the smelts, 
they differ in having about one hundred‘and fifty blind appendages of nearly 
‘uniform length attached to the intestine. As already mentioned, these fish differ 
from the typical salmonoids.in the relations of the bones on the top of the skull, on 
which account they are regarded by Professor Cope as indicating a separate family. | 
Represented by over forty species, ranging over Northern Temperate Europe, Asia, 
and North America, coregonoids are for the most part entirely fresh-water fishes, 
although a few make periodical migrations to the sea, while the European schnzpel 
(C. oxyrhynchus) is as much a marine as a fresh-water fish. Local in their distri- | 
bution in Europe, although as many as three different species may inhabit the 
same lake, coregonoids are extremely abundant in all the fresh waters of North 
America (where they are commonly known by the name of whitefish); and whereas 
all the British forms are small, some of the continental species may attain a length © 
of fully two feet. The genus may be divided into groups, according to the con- 
formation of the muzzle and jaws. Of these, the first is represented solely by the 
schnepel (C. oxyrhynchus), which frequents the coasts and rivers of Belgium, 
Holland, Germany , and Sweden, and occasionally wanders into British waters. It 
is easily distinguished by the production of the extremity of the upper jaw into a 
conical fleshy snout projecting beyond the lower, while its scales are more or less" 
nearly circular. In length, this fish grows to a foot and a half. As an example of 
the group in which the muzzle is obliquely truncated, with the nose projecting, we | 
may take the marane (C. davaretus), shown in the lower figure of our illustration; 
this fish being widely distributed in the lakes of the Continent, where its flesh is 
highly esteemed as food. Whereas in the Austrian lakes this fish does not exceed 
fourteen or fifteen inches in length, with a weight of half a pound, in Lake Con- 
stance it grows to a couple of feetin length, and from four to six pounds in weight. 
Living at great depths, this fish feeds on worms, insects, and water snails. While 
the powan belongs to another group characterized by the vertical truncation of the 
muzzle, the pollan and vendace are assigned to yet another division in which the 
lower jaw is longer than the upper, into a shallow notch of which it is fitted. Asa 
representative of this latter group we take the pygmy marane (C. aléula) of North- 
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ern Europe, shown in the upper figure of the illustration. Pollan, which grow to 
a length of about six inches, are largely sold in Belfast during the spawning season, 
at which time they come up from the deep waters of Lough Neagh to the shallows. 
At times they occur in enormous numbers upward of seventeen thousand having 
been taken on one occasion in the early part of the last century. 

The last of the salmonoids that we have space to notice are the 
grayling, of which the European species (7hymallus vulgaris) is 
shown in the upper figure of the illustration on p. 2877. Nearly allied to the core- 
gonoids, the grayling are readily distinguished by the greater height and length of 
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PYGMY MARANE AND MARANE 
(One-fifth natural size.) 


the dorsal fin, which includes from thirteen to twenty-three rays. ‘The cleft of the 
mouth is also smaller, and the maxilla of small size. Small teeth are present in the 
jawbones, as well as on the palatines and the head of the vomer, but they are want- 
ing on the tongue. The blind appendages of the intestine are less numerous than 
in either the salmon or. the coregonoids, and the air bladder is unusually large. 
The range of the genus includes a large portion of Europe, Northern Asia, and the 
colder regions of North America. The common species is found locally over a great 
part of Europe, ranging from Lapland to Venice, and from England to Russia. It 
is, however, unknown in Ireland, and has only been introduced of late years into 


Scotland; while in England it is most abundant in the rivers flowing from the lime- 
181 
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stone Pennine chain in the north, and the Red Sandstone districts of the central 
counties, and likewise in the chalk streamsofthesouth. . In the latter area grayling oc- 
casionally run to nearly four pounds in weight, but in Northern Scandinavia they may 
reach one pound more. In Switzerland they are found in Lake Constance and other 
large pieces of water. An elegantly-shaped fish, the grayling varies considerably in 
color according to the season of the year, the back being generally greenish brown, 
passing into gray on the sides, while the under parts are silvery. The sides of the 
head are yellow, with black spots, which also occur on the fore part of the body; 
and brownish-gray longitudinal stripes run in the direction of the rows of scales. 
The pelvic.and anal fins are violet, frequently marked with brown crossbars; the 
pectorals are yellow, turning to red in the breeding season; while the black-bordered 
dorsal and caudal are generally red, although sometimes blue ; the former, and some- 
times also the latter, being ornamented with longitudinal dark bands or rows of 
spots. A second species, with smaller scales, inhabit the mountain streams of Dal- 
‘matia, but the other two are North American. 

A remarkable fish from the fresh waters of the United States known 
as Percopsis guttata, which has the general characteristics of a salmon- 
oid but the mouth and scales of a perch-like type, is regarded as representing a 
family (Percopside) by itself, nearly allied to the salmon tribe. 
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The remaining groups of the Teleostomous fishes exhibit a more or less decid- 
edly lower type of organization than those described above; and, although the stur- 
geons are still well represented, these groups as a whole are evidently waning ones 
at the present day, having only very few living forms, whereas in past epochs some 
of them formed the dominant types in the fish fauna of the world. The bony 
pike of the fresh waters of North America constitute a family (Lepzdosteide) which 
forms the sole existing representative of a distinct suborder. While agreeing with 
the preceding suborders in the divisional characteristics mentioned on p. 2702, the 
members of this group and the next exhibit much more marked differences from all 
the foregoing groups than do the latter from one another. With the exception of 
the extinct spear beaks, the tail is of the abbreviated heterocercal type; that is to say, 
that while its fin is more or less nearly symmetrical, the vertebral column, which 
retains its primitive tapering extremity, runs in the upper half. The scales are 
ganoid, and very frequently quadrangular, although they may be rounded and dis- 
tinctly overlapping. In the living representatives of both suborders the air bladder 
is connected with the cesophagus by a duct, in the same manner as in the tube- 
bladdered fishes; but the optic nerves simply cross one another, without any inter- 
lacing of their fibres, and there is a spiral valve to the intestine. Whereas, with the 
exception of one extinct group of herrings, the whole of the suborders of bony fishes 
hitherto noticed are unknown previous to the Cretaceous epoch, members of the two 
groups to be now considered were abundant in the antecedent Jurassic period. ‘The 
group including the bony pike may be distinguished from the next by the full ossi- 
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fication of the internal skeleton; the scales being always of the typical quadrangular 
ganoid type, and the branchiostegal rays having no gular plate in advance of them. 

Asa family, the bony pike, of which the common species (Lefz- 
dosteus osteus) is shown in our illustration, are distinguished from all 
other fish by having the bodies of the vertebrae convex in front and 
concave behind, instead of having both surfaces cupped. The fins are furnished 
with fulcra, the dorsal and anal consisting of soft rays only, and placed far back 
and near the caudal, which is of the abbreviated heterocercal type; while the trunk 
is much Jonger than the abdominal portion of the vertebral column, and the bran- 
chiostegal rays are comparatively few, and have not an enameled outer surface. 
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(One-sixth natural size.) i 


In form the body of the bony pike is elongate and subcylindrical; the long muzzle is 
either spatulate or beak shaped; the cleft of the mouth wide; and both the palate 
and jaws are armed with bands of rasp-like teeth, and also with larger conical ones. 
There are four gills and three branchiostegal rays on each side; and the air bladder 
is cellular. Bony pike, of which there are three existing species, are now confined 
to North and Central America and Cuba; but they are represented in the European 
Eocene, and by allied extinct genera in the Eocene and Miocene strata of the 
United States, one of these also occurring in the French Eocene. ‘The existing 
forms grow to a length of six feet, and are carnivorous, feeding upon smaller fishes. 
They are often known by the name of gar pike, although, as mentioned on p. 2771, 
that title is best restricted to a totally different group. | 
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The extinct Jurassic spear beaks (Aspidorhynchus) constitute a 
second family (Aspzdorhynchide) distinguished by the normal structure 
of the vertebrze, the homocercal tail, and the production of the upper jaw; the gen- 
eral form of the body and the arrangement of the fins being very similar to that 
obtaining in the bony pike. 


Spear Beaks 


a dan 


. THE BOWFIN AND I's SUL LES = 2 8VHORDER Protospondyli 


The. so-called bowfin (Amia calva) of the fresh waters of the United States is 
the sole existing representative of asecond and larger subordinal group, differing 
from the last by the imperfect ossification of the skeleton, the notochord being 
either persistent throughout life, or if more or less completely replaced by vertebre, 
those in front of the caudal region have their bodies composed of three distinct ele- 
ments (pleurocentra and intercentrum), which remain separate and alternating even 
when fully developed. The lower jaw is complex, and composed of several pieces; in 


THE BOWFIN. 
(One-fifth natural size.) 


the pectoral arch the infraclavicular plate is absent; and the pectoral fin has more 
than three basal elements belonging to the true internal skeleton; while the tail is 
always abbreviated heterocercal. 

Together with three extinct genera, the bowfin constitutes a family 
(Amitide) characterized as follows: The lower jaw has its suspending 
arrangement directed backward, and the cleft of the mouth is wide; 
the degree of ossification of the vertebrz is variable, although these often form com- 
plete discs; the body is elongate or fusiform; the margins of the jaws-are armed 
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with an outer series of large and conical teeth, internally to which are smaller ones; 
fulcra to the fins are either wanting or of minute size; and the dorsal fin is of 
variable, although usually of considerable length. Having the scales thin, some- 
what rounded, and oyerlapping, the bowfin represents a genus in which there are 
no fulcra, and the long dorsal fin occupies three-fourths the length of the body, 
while the anal fin is short, the caudal rounded, and the throat furnished with a 
single gular plate, followed by a number of branchiostegal rays. The single exist- 
ing species of the genus, which attains a length of two feet, is confined to the fresh 
waters of the United States, where it is exceedingly abundant in some of the 
northern lakes, but remains of extinct species have been obtained, not only 
from the Eocene rocks this country, but likewise from the upper Eocene and 
Miocene strata of Europe. Carnivorous in its diet, preying both upon other fish 
and also upon aquatic crustaceans and insects, the bowfin is capable of living for 
fully an hour out of water; and when in its native haunts, especially where the 
water is foul, comes frequently to the surface to breathe, rising to the surface, and 
taking in large mouthfuls of air without the emission of a single bubble. When 
near the surface, this fish often utters a bell-like note, probably due to the passage 
of air from the air bladder. The breeding season, during which the colors of the 


fish are more brilliant, lasts from May till the beginning of June. The bowfins ~ 


breed among floating islands of herbage fringing the great lakes. Here they lay 
thousands of minute eggs on the water plants which form the base of a series of 
tunnels, composed partly of root fibres, and partly of a moss-like growth. Of the 
nest thus formed, the male fish takes entire charge till the fry are hatched; the 
development of the eggs being unusually rapid. ‘The embryos, while agreeing in 
many respects with those of the typical ganoids, are stated to approximate in other 
points to those of the higher bony fishes. Megalurus, from the upper Jurassic, is - 
an allied extinct genus with a short dorsal fin and fulcra; while the Jurassic 
Eurycormus and Liodesmus likewise belong to the same family. | 

Among several ex- 
tinct familiesof 
which the members © 
are mostly of Jurassic age, we may 
notice the Pachycormide as repre- 
sented typically by .Pachycormus, 
in which, while the body and jaws : 
have the same form and structure SKELETON OF AN EXTINCT AMIOID (Caturus). 
as in the bow fish, the notochord 3 
is persistent, and the ethmoid bone fused with the vomer to form a long beak; the 
fin rays being slender and closely set, the dorsal fin short, and fulcra absent or 
minute. Hugnathus and Caturus are well-known members of a third family 
distinguished by the vertebree being usually represented by incomplete rings, by the 
large fulcra, and the short dorsal fin; the caudal fin being forked. The Pycnodonts, ~ 
ranging from the Lias to the Eocene, constitute another family group, in which the 
body is either deeply fusiform or rhomboidal; the notochord has no ossification 
around it; the cleft of the mouth is narrow; the teeth are small, nodular, and 
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aggregated into a pavement, without vertical successors; the gill cover is of a 
very simple type; branchiostegal rays and fulcra are alike absent; and the dorsal 
fin is elongated. , The family is typically repre- 
sented by the genus Pycnodus; but we have 
figured as an example of the dentition the lower 
jaw of the allied Mesodon. Vet another family 
(Dapediide) is represented by Dapedius, Lepi- 
dotus, and several other allied genera, in which 
the, body is more or less deeply fusiform, the 
suspensory apparatus of the lower jaw either ver- 
tical or inclined forward, the cleft of the mouth 
narrow, the teeth cyclindrical or in the form of 
button-like knobs, the vertebree not more than 
} _ rings, and the dorsal fin not extending more than 
RIGHT HALF OF THE LOWER Jaw oF half the length of the body. In this family the 
ee ee ae teeth have vertical successors; and while some 

‘of the earlier genera date from the Trias, the 

scale tooth (Lepidotus), of which an example is figured in the ‘illustration, 
survived till the Chalk. Some of the species of this genus attained very large 


THE GIANT SCALE TOOTH WITH A DETACHED SCALE AND TEETH. 
(Much reduced.) | 


dimensions; and their remains are beautifully preserved in the Lithographic 
Limestone of Bavaria. In all these the scales are of the typical quadrangular 
ganoid type. 3 


THe STURGEON ‘TRIBE — SUBORDER Chondrostei 


This important suborder brings us to the last group of the fan-finned fishes 
(Actinopterygii), which forms a division by itself differing in several important 
particulars from the one including the whole of the foregoing suborders; the more 
important characteristics of the first division having been given on p. 2701. Whereas 
in that division the number of dermal rays in the dorsal and anal fins is equal to 
the supporting elements in the true internal skeleton, in the present division the 
dermal rays are more numerous than their supports. Then, again, whereas in the 
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former division the pelvic fins have their superior row of supporting ossicles, or 
baseosts, rudimental or wanting, in the present group these are well developed. 
The living representatives of the sturgeon tribe agree with the bow fish and its 
allies in the want of any interlacing of the fibres of the optic nerves at their cross- 
ing, and likewise, in the presence of a spiral valve to the intestine. In both the 
living and extinct types the tail is of either the diphycercal or heterocercal type. 
- As a suborder, the sturgeon tribe may be characterized by the more or less com- 
pletely persistent notochord, by the inferior and superior supporting ossicles 
(axonosts and baseosts) of the dorsal and anal fins forming a simple and regular 
series, and also by the presence of a pair of infraclavicular plates in the pectoral 
girdle. In all the known forms there is.a single dorsal and anal fin, both of which 
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SPOON-BEAKED STURGEON. 
(One-fifteenth natural size.) - 


are well separated from the caudal; while in the existing members the air bladder | 
is furnished with a duct. Although represented at the present solely by the stur- 
geons and their allies, the group was very abundant during the Secondary epoch; 
and whereas the’ sturgeons, together with certain extinct families, form what may 
be termed a degenerate specialized series characterized by the absence of ganoid 
scales in a second and normal series the body was covered with such scales. 

The toothed sturgeons, of which there are two existing representa- 
tives, each forming a genus by itself, constitute the family Polyodon- 
tide. While agreeing with the other members of the series in having 
the cartilaginous skull invested with a series of superficial bony plates, these fishes 
are specially distinguished by possessing a median unpaired series of bones in this 
shield; by the absence of branchiostegal rays; the presence of minute teeth in the 
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adult; the heterocercal tail; and by the skin being either naked or with some scales 
on the upper lobe of the tail. The first of the two existing genera is represented 
by the spoon-beaked sturgeon (/olyodon folius) of the Mississippi, which grows to a 
length of six feet, and is characterized by the production of the upper jaw into a 
very long spoon-like beak, with thin, flexible margins, equal to one-fourth the total 
length in the adult, but still longer in the young. ‘The gill cover ends in a long 
tapering flap; the upper lobe of the tail bears a numerous series of narrow fulcra; 
and the air bladder is cellular. On the other hand, the slender-beaked sturgeon 
(Psephurus gladius) from the Yang-tse-kiang and Hoangho rivers of China, differs 
in the more conical form of the beak, and in the large size and small number of the 
caudal fulcra. Growing to an enormous length — it is said as much as twenty feet 
— this fish agrees with the preceding in the very small size of its eyes, from which 
it may be inferred that both seek their prey without depending upon sight. 
Indeed, in the muddy waters of the rivers they inhabit, eyes can be of little use, 
and it has been suggested that these fish depend chiefly upon their beak, which is 
probably. employed as an organ of touch. ‘The flesh of both species is eaten. 
Among several fossil forms, we may mention the genus Cvossopholis, of the North- 
American Eocene, on account of the retention of a series of oblique rows of scales 
on the upper lobe of the tail, as we thus have evidence of the descent of the family 
from fully scaled fishes. 

From the preceding ae the typical sturgeons (Acipenseride) 
may be distinguished by the absence of teeth in the adult, and the 
presence of five longitudinal rows of bony plates on the naked body, 
which is elongate and subcylindrical in form, as well as by the presence of four bar- 
bels in a transverse line on the under surface of the muzzle. ‘The muzzle is some- 
what produced, and either subspatulate or conical in form, ‘with the small, 
transverse mouth on its lower surface. All the vertical fins are armed with a single 
series of fulcra on their front edges; the dorsal and anal are situated at a moderate 
distance from the caudal; and the large air bladder is simple. Confined to the 
temperate regions of the Northern Hemisphere, sturgeons are either exclusively or 
partially fresh-water fish, some of them only ascending rivers for the purpose of 
spawning, after which they return to the sea. With the slender-beaked sturgeon, 
they include the largest fresh-water fishes of this region, several of the species 
commonly growing to ten feet, while some are much larger. ‘The females deposit — 
enormous numbers of extremely minute eggs, the product of a single individual 
having been estimated at upward of three millions during a season. ‘This wonder- 
ful fecundity easily accounts for the enormous numbers in which sturgeon, in spite 
of constant persecution, still crowd the northern rivers during the spawning season. 
In addition to the excellence of their flesh, sturgeon are valued for their roe, from 
which is manufactured caviare, and for their air bladder, the inner coat of which 
forms the basis of isinglass. ‘In a fossil state sturgeons are unknown before the 
upper part of the Eocene period.’ All the members of the genus are exceedingly 
voracious fishes, and the majority are mainly carnivorous. During the winter many - 
or all of them crowd together, either in inlets of the sea, estuaries, or the deep 
pools of rivers, where they undergo a kind of hibernation; and it is stated that in 
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some localities they bury their noses in the mud, with their bodies and tails stand- 
ing vertically upward like a series of posts. They increase very rapidly in size; 
and the eggs are hatched in five days. Although still abundant in the northern 
rivers, in those of Central Europe sturgeon,have greatly decreased in numbers, and 
few really big fish are now taken. In the beginning of the year, when they are 
still torpid, sturgeon are captured by breaking the ice, and stirring up the mud at 
the bottom of their haunts with very long poles armed with barbed prongs. As 
the fish seek to escape, some are stabbed with the spears; and it is said that half a 


STERLET. 
(One-tenth natural size.) 


score of large fish may be thus taken by a single fisherman. In summer regular 
fishing stations are established on the Russian rivers, where the approach of a shoal 
is heralded by a watchman. Upward of fifteen thousand sturgeon have been taken 
in a day at one of these stations; and when the fishing is suspended for a short 
time, a river of nearly four hundred feet in width, and five-and-twenty in depth 
has been known to be completely blocked by a solid mass of fish. 

‘The common sturgeon (Acipenser sturio), of which a small example 
is shown in the illustration facing p. 2889, is the typical representative 
of the first. genus, in which the rows of bony plates remain distinct 
_ from one another on the tail, spiracles are present on the head, the upper lobe of 
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the tail is completely surrounded by the fin rays, and the muzzle is either short or 
developed into a narrow beak of moderate length. There is some doubt as to the 
exact number of species of sturgeons, as these fish vary considerably according to 
their age, but it is probable that nearly twenty different kinds may be admitted. 
Among the better-known forms one of the most esteemed is the sterlet (4. ruth- 
venus), which, although rarely exceeding a yard in length, yields better-flavored 
flesh and finer caviare than any of the others. It is characterized by its narrow, 
pointed snout, and by the great number of bony plates on the sides of the body; 
these varying from sixty to seventy. Common in the Black Sea and Caspian, as 
well as in their influent rivers, the sterlet is likewise found in the Siberian rivers, 
while it ascends the Danube as far as Vienna. In contrast to this species may be 
noticed the giant sturgeon or hausen (,S. 4wso), shown in our full-page illustration. 
Having from forty to forty-five lateral bony plates, this species may be readily dis- 
tinguished by the absence of shields on the muzzle, which is rather short and pointed. 
It is found in the Black Sea, Caspian, Sea of Azov, and their tributaries, and occa- 
sionally enters the Mediterranean. At one time this sturgeon was to be met with 
in the Danube by thousands, among which specimens of upward of twenty-four feet 
in length were by no means uncommon; but relentless slaughter has greatly reduced 
not only their numbers but likewise their size, although even now fish of fiom 1,200 
to 1,500 pounds weight are occasionally taken. These, however, are mere pygmies 
to certain Russian examples, one of which is stated to have weighed 2,760 pounds, 
and a second 3,200 pounds. Migratory in its habits, this sturgeon crowds into the 


Russian rivers as the ice is breaking up, when many individuals are more or less _ 


severely injured by being jammed against the floes. It appears that only full-grown 
fish ascend some rivers, as no small ones are found in the Danube; but in the Volga 
these sturgeon are stated to remain during the winter in a semitorpid condition. 
Although extremely powerful, the hausen is an inactive and timid fish, fleeing even 
from the diminutive sterlet, and passing much of its time on’ the mud at the river 
bottom, but rising occasionally to swim near the surface.- In diet it is both carniv- 
orous and herbivorous, feeding on vegetable substances, other fish, especially vari- 
ous kind of carp, and even water fowl. Its isinglass is inferior to that of the 
common sturgeon. Rarely visiting the British coasts, where it is a ‘‘royal’’ fish, 
the latter species has only from twenty-six to thirty-one lateral plates, and from 
eleven to thirteen down the middle of the back; the muzzle being pointed, and about 
equal to one-half the length of the head. It is a widely-distributed form, frequent- 
ing the coasts of both sides of the Atlantic, but absent from the Caspian, although 
found in the Black Sea. In Italy it ascends the rivers from March to May; and 
while in that country it does not commonly exceed five or six feet in length, speci- 
mens of upward of eighteen feet are on record. 

The four species of the genus Scaphirhynchus (which must not be 
confused with the toothless sturgeons) differ from the preceding genus 
by the production of the muzzle into a spatulate beak, by the narrow 
and depressed hinder portion of the tail being completely covered by the bony plates, 
as well as in the absence of spiracles, and by the fin rays not surrounding the 
extremity of the upper lobe of the tail, which terminates in a long filament. 
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Of the four species, one is restricted to the Mississippi river system, while the 
others inhabit the rivers of Central Asia; all being exclusively fluviatile in their 
habits. 

The genera Chondrosteus and Belonorhynchus from the European Lias | 
severally represent two families differing from all the modern sturgeons 
in the absence of a median unpaired series of bones in the head shield, 
and also in the possession of branchiostegal rays. In the latter family the tail is 
diphycercal, and there are longitudinal’ series of bony plates onthe body; whereas 
| in the former the tail is heter- 
ocercal, and the body is either _ 
naked or with a small series of 
scales on the upper lobe of the 
gy tail; both being furnished with 
teeth. : 
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- The scaled types 
of this suborder 
are so utterly unlike the stur- 
geons in external appearance 
that it is only by a study’ of 
their internal structure that 
| their true affinities have been 
AN EXTINCT ACIPENSEROID FISH (Platysomus). determined. They are all ex- 
(From the Magnesian I,imestone.) - . tinct, and, mainly characteristic 

: ' | | of the Secondary period, their 
remains being especially common in the British Lias. In both of the two principal 
families the tail is of the heterocercal type. In one family, as typified by the genus 
Pala@oniscus, the body is elongated fusiform, and the teeth are slender and conical or 
straight. On the other hand, Platysomus represents a second family (Platysomatide), 
in which the body is rhomboidal, and the teeth—in the upper jaw mainly confined 
to the pterygoid bones—obtuse. In both groups the scales are of the ganoid 


type. 
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The whole of the members of the subclass under consideration described in the 
foregoing pages constitute one great order (Actinopterygii), characterized, as men- 
tioned on p. 2702, by the fan-like structure of the paired fins, and frequently also of 
the caudal fin; the scales being generally of the cycloid or ctenoid type. These 
fishes form, indeed, the dominant group of the present day; whereas the group now 
to be considered is represented only by two existing species—referable to as many 
genera, and is mainly characteristic of the earlier epochs of the earth’s history, 
being abundant even in the Devonian and Carboniferous epochs, since which time 
it has been steadily decreasing in numbers. ‘These fringe-finned ganoids, as they 
may be called, have the paired fins lobate, with an internal longitudinal axis be- 
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longing to the true skeleton more or less fringed with dermal rays, the caudal fin 
being either of the diphycercal or heterocercal type. A pair of large jugular plates, 
bounded in some instances by a series of smaller lateral onés, and an anterior un- 
paired element, are developed in the branchiostegal membrane to fill up the space 
_ between the two branches of the lower jaw, and thus representing the branchioste- 
gal rays of the first order. In all the scales are coated with ganoine, although they 
may be thin, overlapping, and rounded, or thick and quadrangular. ‘The existing 
forms have the optic nerves simply crossing one another, a spiral valve in the intes- 
tine, and a duct to the air bladder; the presence of the latter being also shown in 
certain extinct types. Next to the sharks and rays, this Apne is one of the oldest, 
being well represented in the Devonian. 

The sole existing survivors of this great group of fishes are the 
bichir (Polypterus bichir) of the Nile, and other rivers of tropical 
Africa, and the reed fish (Calamoichthys calabaricus) from Old Cala- 
bar; these constituting the family Polypterzde, which has no fossil representatives, 
and probably forms a subordinal group by itself. In this family the notochord is 
more or less constricted and replaced by ossified vertebrae; the baseosts, or superior 
supporting elements, are rudimentary, or wanting, in the median fins; whereas the 
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THE BICHIR. 


axonosts, or inferior supports, form a regular series equal in number to the dermal 
fin rays with which they articulate. The scales are ganoid, and the fins without 
fulcra. ‘The dorsal fin is divided into a number of finlets, each formed by a spine 
in front and a series of rays behind; the anal fin being situated close to the diphy- 
cercal caudal, and the vent near the end of the tail, while the whole caudal region 
is very short.. In the bichir the body is moderately elongated; the teeth are rasp- 
like, and arranged in broad bands in the jaws and on -the vomers and palatines, the 
jaws also bearing an outer series of larger pointed teeth; and the pelvic fins are well 
developed, but do not show the obtusely lobate structure characterizing the front 
pair. The large air bladder is double. The bichir is found in the Upper Nile and 
the rivers on the west coast of tropical Africa, examples being occasionally carried 
down into the Lower Nile. The number of finlets varies from eight to eighteen, 
and in size this fish grows to as much as four feet. Nothing is known of its habits, 
The reed fish is a smaller form, characterized by the great See ae of the body, 
and the absence of pelvic fins. 

Very little can be said here as to the numerous extinct representatives of this 
group. One subordinal group (Actinistia) is represented by the hollow-spined 
ganoids (Celacanthide), which range from the Carboniferous to the Jurassic, and 
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are best known by the genera Cvlacanthus and Undina. In these fishes 
(as shown in the accompanying figure) the notochord persists; the 
axonosts of the anal and two dorsal fins are fused into’a single piece; 
in the caudal fin the dermal fin rays are each supported by a series of axonosts, | 
equal in number to the upper and lower spines of the vertebree; and each pelvic has 
a single axonost, which is not united with that of the opposite side. In these fishes 
the body is deeply and irregularly fusiform, with the scales overlapping, rounded, and 
more or less coated with ganoine. * There is a gill cover anda single pair of jug- 
ular plates; the paired fins are obtusely lobate; the tail is diphycercal, frequently 
with a small supplemental fin at the extremity; and the air bladder is ossified. A 
third suborder (Rhipidistia) includes most of the other forms, especially those from 
the Devonian formation, and while agreeing with the preceding group in having a 
more or less completely persistent notochord, and the axonosts of the anal and two 
dorsal fins each fused into a single piece, differs in that in the caudal and other median 
fins the baseosts are fewer in number than in the dermal fin rays, by which they are 
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SKELETON OF A HOLLOW-SPINED FRINGE-FINNED GANOID (Undina). 


(From A. S. Woodward, Cat. Foss. Fish., Brit. Mus.) 


overlapped. ‘The suborder is represented by three well-defined families. In the first, 
which is typified by the genus Holoptychius, the lobes of the pectoral fins are long 
and acute, while the teeth have complex infoldings of the outer layer, somewhat 
after the manner of those of the primeval salamanders, and the scales are thin and 
cycloidal. I'he second family, of which Rhizodus is the typical genus, differs by the 
lobes of the pectoral fins being shorter and blunter, and also by the less complicated 
infoldings of the teeth. To this family belongs Gyroptychius from the Devonian or 
Old Red Sandstone of Scotland. While agreeing with the last in the obtusely 
lobate pectoral fins, the third family, as represented typically by Osteolepis of the 
Old Red Sandstone, is characterized by the walls of the teeth being slightly infolded 
only at their bases, and by the scales being of the true quadrangular ganoid type. 
Remains of these fishes occur in extraordinary abundance in the Old Red Sandstone 
of Scotland; and as this deposit is of fresh-water origin, it is evident that they were 
either fluviatile or lacustrine forms. ‘The reason why these and so’ many other 
ancient creatures were enveloped in coats-of-mail has not yet been discovered. 


CHAPTER IV 


SHARKS ANID RAYS—SUBCLASS ELASMOBRANCHII 


THE last subclass of the fishes is represented by the existing sharks and rays, 
together with a number of more or less closely-allied extinct forms, some of the lat- 
ter being the most primitive members of the order yet known. Indeed, taking 
these primitive types into consideration, and remembering that sharks and their 
allies are the oldest fishes with which we are acquainted —dating from the lower 
Ludlow beds of the Silurian epoch —it seems probable that the present subclass may 
have been the stock whence all other fishes were derived. Agreeing with the bony 
fishes and ganoids in having the suspending aparatus of the lower jaw movably 
articulated to the skull (generally with the intervention of a distinct hyomandibular 
element), the sharks and rays have the skeleton entirely cartilaginous throughout 
life; membrane bones— except in one extinct group—being entirely wanting. The 
gills open by separate external clefts, and have no cover. Wher bony elements are 
developed in the skin, these agree in structure with teeth, and have nothing to do 
with true bone. In all the living members of the subclass the optic nerves cross 
one another without giving off any mutually interlacing fibres, the arterial bulb of 
the heart is furnished with three valves, the intestine has a spiral valve, thé eggs 
are large and detached, and an air bladder is wanting. 

The whole of the existing representatives of the subclass form an peas (Sel- 
achii) characterized by the cartilaginous internal skeleton being, as a general rule, 
only superficially calcified; while, except in: some of the earlier extinct types, the 
notochord is constricted at the centre of each vertebra. ‘The superior and inferior 
atches of the vertebree are short and stout, and intercalary cartilages are very gen- 
erally developed. The pectoral fin has not a segmented longitudinal central axis, 
its cartilaginous rays forming a fan-shaped structure radiating from an abbreviated 
base, into the anatomical details of which it will be unnecessary to enter here; and 
the axis of each pelvic fin is developed in the males into a ‘‘clasper,’’ connected 
with the reproductive function. With regard to the structure of the skull, it may 
be mentioned that the hyomandibular usually intervenes between the palatoptery- 
goid bar (forming the functional upper jaw, and carrying the teeth) and the 
cranium proper; but in the genus /Votidanus the hyomandibular takes no share in 
the support of the jaws, the palatopterygoid bar articulating directly with the 
cranium by means of a facet behind the socket of the eye; this structure being prob- 
ably the original one. We have already said that the tooth-bearing palatopterygoid 
bar serves the function of an upper jaw, by which name it may be conveniently 
referred to; and similarly the functional lower jaw is in reality the element known — 
as Meckel’s cartilage. The gills are attached to the skin by their margins, and 
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usually communicate with the exterior by means of. five vertical slits on the sides of 
the neck, although occasionally the number of these clefts’ is increased to six. or 
seven. Very generally the mouth is situated on the inferior aspect of the head; and 
the teeta carried on the functional jaws may be either sharply-pointed and separate, 
or blunt and articulated, so as to form,.a more or less pavement-like structure. 


HAMMER-HEADED SHARK, 


(One-tenth natural size.) 


In the former case there is a continuous succession of new teeth to replace the old » 
ones as they are worn away and shed. Asarule, the tail fin is heterocercal, with 
the upper lobe greatly elongated; the pelvic fins are always abdominal in position; 
and the dorsal fins of many extinct and a few living types bear large spines on their 
front edge, which, unlike those of the bony fishes, are simply imbedded in the flesh, 
without articulating with the internal skeleton, and are consequently immovable. 
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Spiracles are frequently developed on the upper surface of the head; and the inter- 
calary cartilages already alluded to are ovoid or diamond-shaped structures occurring 
between the superior arches of the vertebre. The eggs are generally invested in 
horny rhomboidal capsules, furnished at the four corners with long tendril-like 
filaments, by which they attach themselves to the stems of seaweeds and other 
bodies, as shown in the figure of the lesser spotted dogfish given on p. 2904. In 
some species, however, the eggs are hatched within the body of the female; and in 
all cases the embryos are furnished with external gills, which are shed before birth. 
All the members of the order subsist on animal substances, but whereas the typical 
sharks are highly predaceous creatures, seizing and devouring everything they come 
across, some of the largest species are armed only with small teeth, and feed on 
mollusks and other invertebrates. ‘The rays, too, are largely shellfish eaters, and 
most of them differ from the sharks in living on or near the bottom, instead of 
swimming about actively at or just below the surface. All the species are typically 
marine, but many ascend tidal rivers, and in the Viti Levu Lake in Fiji, as well as 
in the Nicaragua Lake in South America, there are sharks dwelling permanently in 
fresh water. ‘The species inhabiting the former lake, which is cut off from the sea 
by a cataract, is Carcharias, gangeticus, common alike in the Ganges and in the 
Tigris, and ascending in the latter river to a distance of three hundred and fifty 
miles from the sea in a straight line. ‘Then, again, a species of sawfish is found in 
a fresh-water lake in the Philippines. It has been commonly stated that sharks 
have the power of scenting their prey from a distance, since they rapidly congregate ~ 
whenever animal refuse or other decomposing matter is cast overboard from a ship; 

- but it may be suggested that such assemblages, as in the case of vultures, are rather | 
due to one shark following the movements of another, and thus being attracted to 
the central point. The order was formerly divided into two subordinal groups, 
based upon the conformation of the body; the one group including all the sharks 
and dogfishes, and the other the rays and their immediate allies. It has been found, 
however, that although this difference in bodily form is of considerable importance 
in classification, yet that it does not constitute the essential line of distinction, which 
is based upon a difference in the internal structure of the bodies of the vertebrz. 
Taking this characteristic as a basis, the members of the order may be arranged in - 
two subordinal groups, the first of which comprises the true sharks and dogfishes, 
while the second includes the spiny dogfishes, sawfishes, eagle rays, and rays. 


Tue BLUE SHARK AND Irs ALiiES— Family CARCHARIIDE. 


The well-known blue shark (Carcharias glaucus), of which examples are 
depicted in our colored plate, may be taken as the typical representative of the 
leading family of the first suborder. Before, however, indicating the character- 
istics of the family, we must refer to those of the suborder, for which the name 
of Asterospondyli has been suggested. The essential feature of this group is to be 
found in the circumstance that when the bodies of the vertebre are fully calcified, 


the radiating plates in the interior predominate over the circular ones, so that a 
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transverse section presents a star-like arrangement. All these fishes have an anal 
fin, and the form of the body elongated and subcylindrical, while the tail is power- 
ful and well adapted for swimming. In no case are the pectoral fins expanded; 

and the spiracle is always small and may be wanting. The front teeth, and very 
frequently also those on the sides of the jaws, are formed on the type of a laterally 
compressed cone with cutting edges, at the base of which two or more smaller 
cones may be developed; but in one existing and many extinct: genera the hinder 
teeth have blunt crowns adapted .for.crushing. The two branches of the jaws do 
not run parallel to each other, in consequence of which the teeth form 
oblique rows, whereas in the rays they are set in straight longitudinal rows. 
From the other sharks the members of the present- family may be distinguished by 
the absence of spines in both the dorsal fins, of which the first is situated above 
the interval between the pectoral and pelvic pairs; by the presence of a nictitating 
membrane to the eye; and by the teeth, when fully formed, being hollow, and 
usually pointed. The bony elements in the skin take the form of minute granules, 
thus constituting the well-known ‘‘ shagreen,”’ as the dried skin is termed. 

In all the members of the typical genus (Carcharias) the muzzle is 
produced forward, and the inferiorly-placed mouth is crescentic and 
armed with large, flat, triangular, single-coned teeth, of which the upper ones dif- 
fer considerably in form from those of the lower jaw. Spiracles are absent, and 
there is a pit at the root of the caudal fin, which has a distinct lower lobe. At the 
present day these sharks are represented by between thirty and forty species, of 
which the blue shark is one of the commonest and most widely distributed; while 
in a fossil state the genus is known from the Tertiary formations. The blue shark 
frequently attains a length of from twelve to fifteen feet, but some of the other 
species are stated to grow to as much as twenty-five feet. In common with. the 
other larger.members of the suborder, all these sharks are more abundant in trop- 
ical than in temperate seas; but the blue shark is by no means an uncommon visitor 

to British waters, more especially on the southern and western coasts of Ireland. 
1S is BA Carrington writes that they more usually wander to the British coasts . 

‘‘in warm weather, especially in autumn, but they have been seen in June, and 
even in the month of March. . They are nocturnal in their more active habits, 
taking rest and sleep in the daytime, often on the surface of the water, with a por- 
-tion of the dorsal fin and extremity of the tail exposed above in the air. So gentle 
are they in their movements that, unlike many other monsters of the deep, they 
do not disturb the luminous creatures, which at the same time will be lighting 
every wavelet with their phosphorescence. Blue sharks are not very particular as 
to what fish they take as food, though those which are gregarious in their habits, 
like mackerel, pilchards, and herring, are most commonly hunted by them. It is 
on record that big fish, such as congers and the larger dogfish, were found ina 
dead specimen from Cornwall. Occasionally they become entangled in the drift . 
nets set by the pilchard fishers, but these sharks will also take a bait. Great . 
care is necessary in landing a hooked specimen, in case it gives a blow with 
its tail, which may result in serious consequences, such as broken limbs or 
ribs.’’ It is a somewhat remarkable fact that in places like Aden, where sharks 
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of various kinds abound, the natives will swim and dive fearlessly in the open 
sea, where a Huropean would be almost instantly devoured by these mons- 
ters. The blue shark has the whole of the upper parts slaty blue, and the under 
surface white. 

Our next representative of the family is the small shark commonly 
known as the tope (Galeus canis), which belongs to a genus including 
only two species and characterized as follows: ‘The muzzle is short and the mouth 
crescent shaped; very small spiracles are present; there is no pit at the root of the 
caudal fin, which has only a single notch; and the teeth, which are similar in the 
two jaws, have serrated edges, and: a notch on the hinder border. The common 
tope, which is usually about six feet in length, although it may grow to seven 
feet, is a very widely-spread species, ranging over all temperate and tropical seas, 
and visiting the shores of such widely-separated localities as California, the British 
Islands, and Australia. In color it is dark gray above, and dirty white beneath. 
The second living species inhabits the Japanese seas; and teeth from the Tertiary 
formations of Europe have been referred to the genus. In habits the tope is a bot- 
tom-haunting species — especially during the winter months— and devours other 
fish, crustaceans, and starfishes. It is not unfrequently taken by the line, and is 
thus a great source of annoyance to fishermen, especially on the Norfolk coast, 
where considerable numbers are sometimes hooked. The young are produced 
alive, and it is stated that there have been instances of as many as fifty individ- 
uals in a single brood. . 

Having teeth very similar to the true sharks, the five species known 
as hammerheads or hammer-headed sharks, one of which (Sphyrna 
malleus) is represented in the illustration on p. 2896, form a genus unique among 
fishes in the extraordinary conformation of the head. Instead of retaining the 
usual more or less pointed form, the front part of the head of these sharks is broad, 
flattened, and expanded on each side into a process, on the flat terminal surface of 
which is situated the eye. This, of course, is quite sufficient to distinguish the 
genus; but it may be added that the caudal fin has a single notch and a pit at its 
root, there are no spiracles, the nostrils are situated on the front edge of the head, 
and the mouth is crescent shaped. The teeth differ from those of the true sharks 
in being similar in both jaws; their margins being either smooth or serrated. 
Hammerheads range over all the warmer seas, the common’ species being sometimes 
taken on the British coast; and an extinct form occurs in strata of Miocene age. 
Growing to a length of some fourteen or fifteen feet, the common hammerhead is 
one of the most formidable and voracious of its tribe, and is much feared in the 
Indian seas. 


Tope 
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By this somewhat inappropriate title are designated two small 
British sharks, one of which (Mustelus levis) is shown in the lower 
figure of the following illustration. Externally these sharks are not unlike 
_ the tope, but the snout is less pointed. Asa genus they are characterized by the 
rather short muzzle; the crescent-shaped mouth; the presence of minute spiracles; 
the absence of a pit at the base of the caudal fin, which has scarcely any lower 
lobe; and the slight difference in the size of the two dorsal fins. ‘The teeth, more- 
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over, are small and numerous, being either blunt or with indistinct cusps, and 
forming a kind of pavement-like structure; those.in the upper jaw being similar to 
those in the lower. ‘The smooth hound, which is the species here figured, is gen- 
erally about four feet in length, although it may reach to six feet. The sides of 
the back are marked by a series of whitish spots, more distinct in the young than 
in the adult. Feeding on mollusks and crustaceans, this species (which ranges 
over most warm seas) produces about a dozen young at a birth, these being at- 


SPINY DOGFISH AND SMOOTH HOUND. 
(One-fifth natural size.) 


tached by a placental structure to the walls of the uterus of the parent. Curiously 
enough such connection is, however, totally wanting in the young of the other 
British species (17. vulgaris). In habits the hounds are bottom-haunting species, 
as indeed might be inferred from the nature of their food. On the English coast 
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the smooth hound generally makes its appearance during the summer in pursuit of 
the shoals of pilchard and herring. Several other genera of this family must be 
passed over without notice. 


THE PORBEAGLE Group — Family LAMNIDZ 


Agreeing with the typical sharks in the position of the two spineless dorsal 
fins, the members of the present family may be distinguished by the absence of a 
nictitating membrane to the eye; and also by the solid structure of the fully formed 
teeth, which are pointed, and in most of the genera relatively large. In addition 
to these features, it may be noted that the gill openings are generally wide, and the 
spiracles either minute or wanting. This family dates from the period of the 
Chalk, where there occur remains of species some of which are referable to 
genera still existing, such as the porbeagles, while others indicate extinct generic 
type. The fox sharks and the gigantic Carcharodon are, however, unknown before 
the Tertiary period. 

The shark (Zamna cornubica) commonly known to the British fish- 
ermen as the porbeagle —a word supposed to be derived from its por- 
poise-like appearance and active predatory habits —is a type of a genus containing 
three existing species, and characterized by the small size of the second dorsal and 
anal fin, and the presence of a pit at the root of the caudal fin — of which the lower. 
lobe is much developed — and also of a keel along the sides of the tail. The teeth 
are narrow and slender, with one or two pairs of small accessory cones at their. 
bases; the edges of the main cone being smooth. ‘The common porbeagle wanders 
all over the North Atlantic, and has also been taken in Japan; it does not commonly 
exceed ten feet in length, and its color is dull gray above and whitish beneath. Its 
food chiefly consists of fishes, which are apparently swallowed whole, the lancet- 
like teeth of this shark being apparently more adapted for seizing and holding than 
for tearing prey. The porbeagle is stated to be a viviparous species. | 

The most formidable of all the existing members of the group is 
the gigantic Rondeleti’s shark (Carcharodon rondeletiz), distinguished : 
_ from the porbeagles by the great size of the broad triangular teeth, 
which have strongly serrated edges, and may possess basal cusps. The existing 
species, which is a purely pelagic creature ranging over all the warmer seas, is 
known to attain a length of forty feet, one of the teeth of a specimen of thirty-six 
feet in length measuring two inches along the edge of the crown, and one and 
three-fourths inches across the base. Similar teeth are found in the Crag deposits 
of Suffolk, and are referred to the existing species; but from these same beds, and also 
from the bottom of the Pacific, between Polynesia and Australia, there are obtained 
other.teeth of much larger dimensions, some of them measuring upward of five 
inches along the edge and four inches in basal depth. ‘These teeth evidently indi- 
cate sharks beside which the existing form is a comparative dwarf; and it is not a 
little remarkable that the specimens. dredged from the bed of the Pacific indicate 
that these giants must in all probability have survived to a comparatively recent 
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date. Observations are still required as to the mode of life and breeding habits of 
Rondeleti’s shark. ‘I‘wo other species of large sharks constitute the genus Odon- 
faspis. With teeth almost indistinguishable from those of the porbeagles, these 
species differ by the second dorsal and anal, fins being nearly as large as the first 
dorsal, and the absence of a pit at the root of the caudal fin, and of a keel on the 
sides of the tail. 

Another species not uncommonly met with in British waters is the 
fox shark or thresher (Alopecias vulpes), the sole representative of its 
genus, and easily recognized by the inordinate length of the upper lobe of its tail 
fin, from which it derives its name. Growing to a length of fifteen feet, of which 
more than half is taken up by the tail, this shark has the second dorsal and anal 
fins very small; the caudal fin extremely elongated, and without a pit at its root; 
no keel on the sides of the tail; and the teeth, which are similar in both jaws, of 
small size, compressed and triangular, with smooth edges. Like most sharks, the 
' thresher has a wide range, being abundant throughout the Atlantic and Mediter- 
ranean, and also found off the coasts of New Zealand and California. ‘The compar- 
atively small size of its teeth indicates that itis not adapted for killing large prey; and, 
asa matter of fact, this shark feeds chiefly upon the various species of the herring 
tribe and mackerel, among which it inflicts terrible destruction. It derives its 
name of thresher from its habit of beating the water with itslong tail in order to 
drive the members of the shoals on which it preys into a compact mass, when they 
can be the more readily seized; and its voracity may be inferred from the fact that 
no less than nineteen mackerel and two herrings having been taken from the stomach 
of a single individual. It is commonly reported by sailors that threshers, in com- 
pany with killers and swordfish, make attacks on whales by leaping high in the air | 
and belaboring the unfortunate cetaceans with powerful blows of their tails as they 
descend; but these statements have been generally discredited by naturalists, appar- 
ently on the ground that the teeth of these sharks are not adapted for rending the 
flesh of large animals. It is, however, somewhat difficult on such grounds to refuse 
to believe the circumstantial accounts we possess, and it may be that the threshers 
join in the fray in order to feed on the smaller fragments left ee their more power- 
fully armed coadjutors. 

The largest of the North artistes members of the suborder is the 
basking shark (Cetorhinus maximus), which now alone represents a 
genus with the second dorsal. and anal fins very small, a pit at the root of the 
caudal fin, a keel on each side of the tail, the gill clefts very large and wide, and 
the teeth very small, numerous, and conical, without basal cusps, and seldom ser- 
rated at the edges. This shark, which grows to a length of over thirty feet, is 
regularly hunted on the west coast of Ireland for the sake of the oil from its liver, 
of which a single fish may yield considerably more than a ton. It derives its name 
from its habit of lying motionless during calm, warm weather on the surface of the 
water, with the tall first dorsal fin and a considerable portion of its back exposed; 
several individuals often consorting together. The gill arches are provided with 
very long rakers bearing granular tooth-like structures; and in the young the | 
muzzle is relatively -longer and more pointed than in the adult. Unless attacked, 
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when it can inflict blows with its tail capable of staving in the sides of a boat, this 
shark is perfectly harmless, its food consisting entirely of small fishes which swim 
in shoals, and various invertebrates. Remains of anextinct species occur in the 
Pliocene deposits of Belgium, while others from older Tertiary beds have been ten- 
tatively assigned to the genus. 


Inpo-Paciric BASKING SHARK—Family RH/NODONTID.& 


_ Although resembling the true basking shark in the large size of its gill clefts 
and the structure of its gill rakers, the gigantic species (Rhinodon typicus) figured 
_in the accompanying illustration differs in having the mouth and nostrils situated near 
the extremity of the muzzle, as well as. in the backward position of the small first 


INDO-PACIFIC BASKING SHARK, 
(One one-hundreth natural size.) 


dorsal fin, which does not reach to the level of the highest point of the back, 
instead of standing immediately above it. Moreover, instead of being subcylindrical, 
the whole body of this shark is markedly depressed and the huge mouth forms a 
nearly oblong aperture, and is armed with bands of very small and numerous teeth. 
The sides of the tail bear a well-defined keel, and the lower lobe of the caudal fin 


2904. SHARKS AND: RAYS 


is well developed. In its varied coloration this fish differs markedly from the 
majority of sharks, being ornamented with buff spots and stripes upon a dark 
ground. Although probably widely distributed within the Tropics, this monster 
has hitherto been met with but locally. — For many years the sole evidence of its 
existence rested upon a specimen fifteen feet long, brought ashore in Table bay in 
April, 1828, which fell into the hands of the late Sir Andrew Smith, who described 


LESSER SPOTTED DOGFISH AND ITS EGGS 
(One-fourth natural size.) 


and figured it. This. specimen was preserved by a French taxidermist, who sold it 
to the Paris Museum, where it still remains. Forty years later, in 1868, Dr. Per- 
ceval Wright, while staying at the Seychelles, met with this shark, and obtained 
the first authentic information about it. It does not seem to be rare in that archi- 
pelago, but is very seldom obtained on account of its large size and the difficulties 
attending its capture. Dr. Wright saw specimens which exceeded fifty feet in 
length, and one that was actually measured proved to be more than forty-five feet 
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long. Nothing more was heard of the species until January, 1878, in which year 
the capture of another specimen was reported from the Peruvian coast near Callao; 
finally, in the ‘‘nineties’’ it was discovered on the west coast of Ceylon, where two 
or three specimens were obtained. One of these was presented to the British 
Museum; and, having been mounted, is now exhibited in the Fish Gallery, where 
it forms one of the most striking objects, although only a young example, measuring 
seventeen feet from the end of the snout to the extremity of the tail. It has been 
stated that this fish feeds on seaweeds, but it is more probable that its food is 
similar to that of the basking shark. 


THE DOGFISHES AND THEIR ALLIES— Family SCYLLUDZ 


Agreeing with the preceding families in the absence of spines to the dorsal fin, 
the dogfishes and their allies may be distinguished from the shark hitherto 
noticed, in which the mouth is inferior in position, by the more backward situation 
of the first dorsal, which is placed above or behind the line of the pelvic fins. 
They have no nictitating membrane to the eye; and the teeth are small, with 
several series generally in use at the same time. In all there are distinct spira- 
cles. . | eat 
| Represented in British waters by the. larger (Scylum canicula), 
and lesser spotted dogfish (S. catulus), this genus is characterized by 
the first dorsal fin being above or behind the line of the pelvic pair; by the origin 
of the anal being in advance of the line of that of the second dorsal; the absence 
of serration of the upper edge of the caudal fin; and the small and delicate teeth, 
which are arranged in numerous series, and generally have a long central cusp, 
flanked by one or two small ones on each side. About half a score of species have 
been described, ranging over the coast regions of most temperate and tropical spe- 
cies, and all of comparatively small size; the majority having prettily spotted skins. 
Their food consists mainly of crustaceans and mollusks; and their flesh is eaten not 
unfrequently by fishermen, while in the Orkneys, where the British species are more 
abundant than elsewhere, it is regularly dried for winter consumption. The sha- 
green of their skins is also employed in wood polishing. These-sharks lay eggs of 
the form shown in our illustration. Fossil dogfishes date from the period of the 
Chalk; and they are represented in the Kimeridge Clay by the extinct Palgoscyllium, 
in which the origin of the second dorsal fin is placed in advance of that of the small 
anal. 


True Dogfishes 


Among several allied genera we may especially notice the zebar 
shark (.Stegostoma tigrinum) of the Indian Ocean, attaining a length 
of from ten to fifteen feet, and noticeable for its handsome coloration, which con- | 
sists. of a brownish-yellow ground color, marked with black or brown transverse 
bars or round spots. In this fish the first dorsal fin is above the line of the pelvic 
pair, while the second is in advance of the line of the anal, which is approximated 
to the caudal; the latter being greatly elongated, and equal to half the total 
length. Young specimens of this shark are generally met with near the coast, but 
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the adults are more or less pelagic. Dogfishes of smaller size from the Indian 
Ocean constitute the genus Chzloscyllium, in which the first dorsal fin is either above 
or behind the line of the pelvics; while the anal is far behind that of the second 
dorsal, and close to the caudal; the teeth being small and triangular, with or 
without lateral cusps. The existing species are very: handsomely ornamented with 
dark bands and spots. In a fossil state the genus has been recorded from the 
Miocene Tertiary. Three bottom-haunting sharks from the Japanese and Australian 
seas have been described under the name of Cvossorhinus, and are remarkable for 
the presence of leaf-like expansions of the skin on the sides of the head. As in the 
case of other fish similarly adorned, these structures are probably for the purpose 
of attracting prey; and in order that they may be well concealed, these sharks have 
a coloration closely assimilating to that of a rock covered with seaweed or coral- 
lines. | 7 . 


THR PAVEMENT-TOOTHED SHARKS — Family CESTRACIONTIDZ 


The well-known Port Jackson shark (Cestracion philippi) and three allied. 

- species are the sole existing representatives of a family which was exceedingly 
abundant during the Secondary epoch. ‘They differ from all the foregoing in the 
presence of a strong spine on the front edge of each of the two dorsal fins. 
The first dorsal fin is situated above the space between the pectoral and pelvic 


PORT JACKSON SHARK. 
(One-sixth natural size. ) 


pairs; and.the teeth, of which several series are in use at the same time, are more 
or less blunt and broad, more especially in the hinder part of the jaws, although 
those in each oblique row are never fused together into continuous plates. In 
the existing genus there is no nictitating membrane to the eye; the body is 
moderately elongated, with the second dorsal fin in advance of the line of the 
anal ; and the mouth is almost or quite terminal, In the dentition, the front teeth 
are small, numerous, and sharp, while the hinder ones are broad and flattened, 
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with a slight longitudinal ridge and a net-like ornamentation. The spines of the 
dorsal fins are smooth, covered on the sides with a thick layer of ganoine; the 
shagreen is fine; and the head is devoid of spines. In the existing species the egg 
capsules assume a remarkable . : 
screw-like form, quite unlike 
that of any other member of 
the family. The living mem- 
bers of the genus, none of 
which exceed five feet in 
length, have been recorded 
from the seas of Japan, Am- 
boyna, Australia, the Galapa- 
gos Islands, and California; 
while remains of. extinct 
forms occur in the Cretaceous 
and Upper Jurassic strata of 
Kurope. Very little appears 
to be known as to their 
habits; but their food is stated 
to consist principally of mol- 
lusks, the hard shells of which 
are crushed by the pavement- 
like hinder teeth. 

Of the numerous fossil genera of the family only a very brief men- 
tion can be made. One of the earliest is the Carboniferous Ovodus, - 
with teeth very like those of the later Wybodus, ranging from the ‘Trias to the lower 
Cretaceous. In the last-named genus the notochord is persistent, the bluntly 
conical or cusped teeth have a central and two or more lateral cusps, the fin spines 
are ridged, and there are two hook-like spines below each eye. Acrodus, with a 
nearly similar range, has on the other hand, blunt teeth; while the Jurassic Aster- - 
acanthus differs from /Hybodus by its rhomboidal, roughened, and flattened teeth, 
and the star-like ornamentation of the spines of the dorsal fins. In Synechodus 
of the Chalk all the teeth are cusped; the anterior ones having-a tall central cusp, 
flanked with from three to five small lateral pairs. -An allied extinct family 
(Cochliodontid@), confined to the Carboniferous rocks, differs by the component 
teeth of at least one of the oblique rows being fused into a continuous curved plate, 
which may be either smooth or ridged. Many of the extinct representatives of 
these families.exceeded the Port Jackson shark in size. 
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LOWER JAW OF PORT JACKSON SHARK. 
(One-half natural size.) 


Extinct Types 


Tux Coms-TooTHED SHARKS— Family NOTIDANID& 


A very remarkable family is now represented by the four species of comb- 
toothed sharks (ot:danus) and the frill-gilled shark (Chlamydoselache anguineus), 
the latter of which is shown in the illustration. Whereas in all other sharks the 


2908. SHARKS AND ‘RAYS 


gill clefts are five in number, in the present family they are increased to six or 
seven; while there is a further peculiarity in regard to the structure of the skull. 
It has been already stated (p. 2895) that in the more typical sharks the functional 
lower jaw is articulated to the cranium by the intervention of the hyomandibular 
“element; but in the Port Jack- 
son shark this element be- 
comes reduced in size, and the 
palatopterygoid bar (the func- 
tional upper jaw) has a facet 


LOWER TEETH OF EXTINCT COMB-TOOTHED SHARKS. by which it articulates directly 
. with the cranium. In the 


present family, on the other hand, the hyomandibular takes no share in the sus- . 
pension of the jaws, which are articulated to the cranium solely by means of the 
facet on the palatopterygoid bar; the latter joining a corresponding facet on 
the cranium behind the socket for the eye. In addition to their more numerous 
gill slits, the comb-toothed sharks are distinguished externally from all those 
hitherto considered by having only a single dorsal fin, which is situated far back on 
the body and has no spine. ‘The eye is devoid of a nictitating membrane; the 
spiracles are small; and the teeth, of which several series are in use at the same 
time, have sharply-pointed cusps. 

In the typical genus the body is moderately elongated, the mouth ~ 
inferior in position, and the gill openings, which may be either six or 
seven in number, are devoid of flaps. he principal teeth consist of a series of 
cusps placed upon a long base, all inclining in one direction, and decreasing in size 


Typical Genus: 
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FRILL-GILLED SHARK. 


from the front to the back; the number of these cusps being greater in the teeth 
of the lower than in those of the upper jaw. With the occasional-exception of 
some portions of the tail, the notochord persists throughout life. At the present 
day the range of the existing members of the genus includes most temperate and 
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tropical seas, some of the species reaching as much as fifteen feet in length. 
Whereas in the gray comb-toothed shark (Votidanus griseus) of the Atlantic and 
Mediterranean, the number of gill clefts is six, in each of the other three species it 
is seven. Fossil species occur from the Pliocene to the middle Jurassic; many of 
these, like the one of which two teeth are shown in the illustration, being of much 
larger dimensions than any of the existing forms. As to the habits of these aete 
there appears to be practically no information. 

From the typical genus of the family the Japanese frill-gilled shark 
differs by the greatly elongated and slender form of the body; and by 
each of the six gill clefts being protected by a frill-like flap of skin. 
The teeth are also of a somewhat simpler structure, being similar in both jaws, and 
each consisting of three slender, curved, and subconical cusps, separated by a pair 
of rudimentary ones; while there is an unpaired median series at the extremity of 
the lower jaw only, instead of in both the upper and the lower. Although mainly 
persistent, the notochord isin part replaced by ill-developed vertebrze of the type 
characteristic of the suborder. Fossil teeth from the European Miocene have been 
assigned to this genus. | | | 


Frill-Gilled 
Shark 


THE Spiny DOGFISHES AND THEIR ALLIES— Family .SPINACIDZ 


Although the members of the present family approximate in their external con- — 
formation more to the typical sharks than to the rays, yet in the structure of their 
vertebree they agree with the latter. Accordingly, both the spiny dogfishes, rays, 
sawfishes, and their kindred are regarded as forming a suborder’ (Tectospondyli) 
distinguished from the one including the preceding families by the following char- 
acteristics: In the bodies of the vertebre, when fully developed, the concentric 
calcified plates are more numerous than those radiating from the centre; and the 
anal fin is invariably wanting. In the more specialized forms the body is greatly 
depressed, and the pectoral fins attain an enormous development; while the spiracles 
are of large size, and always retained. ‘The present family includes the most gen- 
eralized members of the group, in which the body is cylindrical or triangular, and 
but very slightly depressed - the mouth being gently arched, and the muzzle blunt. 
The pectoral fins have no forward prolongation, and are not notched at their point 
of origin; and the small and lateral gill clefts may be either in the line of the pec- 
torals, or half below. ‘The large spiracles are placed behind the eyes; there is no 
nictitating membrane. to the eye; and the two dorsal fins may or may not be eat 
vided with spines. 

The common spiny, or picked, dogfish Wiantuae vulgaris), 
shown in the upper figure of the illustration on p. 2900, is the 
most familiar representative of a very small genus characterized by the presence 
of spines to the dorsal fins, and by the peculiar form of the teeth, which are 
similar in the two jaws, and small, triangular, and compressed, with the points 
much turned aside, and the cutting edge formed by the inner margin. The com- 
mon species measures from three to four feet in length, and is slaty blue above, and 


Spiny Dogfish 
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yellowish white beneath. It is very abundant on the British coasts, sometimes 
making its appearance in such incredible numbers that upward of twenty thousand 
were once captured in a single haul on the Cornish coast. In common with an 
allied species (A. dblainville?), this dogfish presents the peculiarity of inhabiting 
the two temperate zones but being unknown inthe intervening tropical seas. 
The eggs are hatched within the body of the female, and a considerable num- 
ber of young are produced at a birth, Somewhat dangerous wounds result from 
the spines. : 7 

Among other types, we niay notice the genus Centrophorus, repre-— 
sented by eight European species, and a ninth from the Moluccas, all 
of which differ from the last by the upper teeth being érect and spear-like, with a - 
single cusp; the dorsal spines being often very small. Apparently not exceeding | 
five feet in length, these sharks are noteworthy. on account of the depth at which 
they live, one of the species being caught with lines at a depth of from three to 
four hundred fathoms off the coast of Portugal. When hauled up, these fish are 
quite dead, owing to the diminished pressure. A fossil species occurs in the Chalk 
of Syria. In the typical genus Spzvax the teeth in the two jaws are likewise dis- 
similar; but those of the lower one are broader than in the last, although with the — 
points similarly turned aside. ‘The genus is now represented by three small species 
from the Atlantic and the extremity of South America; but has been recorded from 
the Miocene Tertiary. The Greenland shark (Lemargus borealis) of the Arctic 
seas, which occasionally strays as far south as Britain, represents another genus 
characterized by the small ‘size of all the fins and the want of spines to the dorsals, 
the first of which is situated considerably in advance of the pelvic pair; the skin 
being uniformly covered with small tubercles. In the upper jaw the teeth are 
small, narrow, and conical; but those of the lower jaw, which are numerous and 
form several series, have their points so much bent to one side that their inner 
margins form the cutting edge, which is not serrated. Growing to a length of fif- 
teen feet, the Greenland shark is a determined enemy to the right whale of the same 
seas; and when feeding on the carcass of one of those mammals becomes so intent 
on its occupation as to allow itself to be harpooned without attempting to escape. 
Four living young are stated to be produced at a birth. Finally, we have the spiny 
shark (Echinorhinus spinosus) of the Mediterranean and Atlantic, which while agree- 
ing with the last in the small size of the fins and the absence of spines to the dor- 
_sals, differs by the teeth being alike in both jaws, and by the presence of large 
rounded tubercles scattered over the skin; the body being very bulky, and the tail 
short. This shark lives at considerable depths, and but rarely comes to the sur- 
face. : 3 


Other Genera 


THE ExTINcT PEraLloponts — Family PETALODONTID& 


The extinct genera Petalodus and /anassa, together with several other allied 
types from the Carboniferous rocks, represent a family apparently connecting the 
last with the more typical rays. In these fishes the body is moderately depressed, 
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and the pectoral fins are large and continued anteriorly toward the head. ‘The 
teeth, which generally have large roots, are compressed from front to back, with the 
crown more or less bent backward, and either with a sharp cutting edge, or very 
blunt. In the mouth they were arranged in straight rows to form a pavement. 


THE ANGEL Fish — Family S9UATINIDZ 


The sole existing representative of its family, the see fish or Foniaatl 
(Sguatina vulgaris) constitutes, so far as external form is concerned, a kind of 
connecting link between the sharks and the rays. Having the body as much 
depressed as in some of the latter, the angel fish differs in the nearly terminal 
position of the mouth, and also in the circumstance that while the basal portion of 
the pectoral fins is much produced forward, it does not extend so far as to join the 
head. ‘The wide gill clefts are lateral in position, and partly covered by the base of 
the pectoral fins; the spiracles are wide and placed behind the eyes; and the teeth 
conical and pointed. Spines are wanting to the dorsal fins, which are situated on 
the tail; and the skin is studded with tubercles. Not unfrequently growing to a 
length of at least five feet, the angel fish has an almost cosmopolitan distribution, 
and is by no means uncommon on the British coasts, more especially in Scotland. 
In color it is mottled chocolate brown above, and whitish beneath, and except that 
it produces living young, which may number as many as twenty at a birth, its gen- 
eral habits are similar to those of the rays. Fossil species of angel fish range 
through the Tertiary and Cretaceous strata to the upper Jurassic. 


Tur SAwWFISHES— Families PRISTIOPHORID4 and PRISTIDA 


Unique among the whole class on account of the production of the upper jaw 
into along flattened beak, furnished on either edge with a series of large, sharp, 
and pointed teeth, set in distinct sockets at a considerable distance from one an- 
other, the sawfishes form two well-defined families, the first of which approximates 
to the sharksin the position of the gill clefts, while the second agrees with the rays — 
in the same particular: Each contains but a single existing genus, and the first is 
unknown previous to the present epoch. 

The four species belonging to the first family, one of which (P77sézo- 
phorus japonicus) is shown in the illustration, are comparatively 
small fishes confined to the Japanese and Australian seas. Having 
the body scarcely depressed, and the pectoral fins of moderate dimensions, and not 
extending forward to the head, these sawfishes are distinguished by the lateral 
position of the gill clefts, and full development of the so-called prepalatine cartilage, 
and the presence of a pair of long tentacles on the lower aspect of the jaw. In 
habits these fishes probably resemble those of the next genus. 

Distributed over all the warmer seas, the members of this genus, among which 
Pristis antiqguorum of the Mediterranean and Atlantic is most commonly met with, — 
differ from the last, not only in the inferior position of the gill clefts; but likewise 


Side-Gilled 
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.n the small development of the prepalatine cartilages. ‘The teeth of 
the saw are firmly implanted in distinct sockets of calcified cartilage, 
while those in the jaws are minute and blunt. ‘The wide spiracles are 
situated behind the eyes; the dorsal fins are without spines, the first being placed 
above or near to the line of the base of the pelvic pair; and the large caudal fin may 
or may not have a distinct lower lobe. ‘The saw consists internally of three, or 


True Saw- 
fishes 


ANGEL, FISH. 
(One-twelfth natural size.) 


sometimes five, hollow calcified cartilages, in the form of long tapering tubes, placed 
side by side, and held together by integument, which is likewise more or less hard- 
ened by the deposition of calcareous matter. Several existing species of the genus 
have been described, which are most abundant in the tropical seas, and some of 
which are distinguished by the shape of the caudal fin, and the number of pairs of 
teeth in the. saw. ‘These fishes not uncommonly grow to twenty feet in length, but 
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Day records one of twenty-four feet; in such monsters the saw may be fully six feet 
in length, with a basal width of one foot. Some of the Indian species ascend rivers 
to a considerable distance beyond the influence of the tides. Sawfishes use their 
weapon of offense by striking sideways through the water, and thus inflict terrific 
injuries, literally tearing to pieces the soft parts of such animals as they may strike; 
and it is stated that in the Indian estuaries large ones have been known to cut 
bathers. completely in two. After tearing off pieces of flesh, or ripping up the body 
of their victim with the saw, these fishes seize and swallow the smaller fragments 
thus detached in their mouths. In the Malayan region the flesh of one of the species 


JAPANESE SAWFISH. . 
(One-eighth natural size.) 


is highly esteemed as food; and its fins, like those of sharks, are, after due prepara- 
tion, exported to China. 
Fossil remains of extinct species of the genus occur throughout a large portion 
of the Tertiary formations; and an allied Eocene genus, Propristis, differs by the 
circumstance that the teeth of the saw are not implanted in calcified sockets. A 
very remarkable type of sawfish (.Scderorhynchus) has left its remains in the Cre- 
taceous rocks of Syria. Not only does this fish differ from the living forms by the 
distinctly depressed form of the relatively short and broad body, and the backward 


extension of the pectoral fins, which almost reach the pelvic pair, but the teeth, 
183 
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instead of being implanted in sockets, are merely attached to the skin by an ex- 
panded and crimped base. Moreover, the central of the three rods in the interior of 
the saw extends to the saw’s extremity, instead of stopping short; and it is not a 
little interesting to find that from the smaller teeth at the base of the saw a complete 
gradation can be traced to the tubercles dotting the skin. Assuming, as is most 
probably the case, that sawfishes are nothing more than highly specialized sharks, 
it is somewhat remarkable to find that the earliest known member of the family has 
a somewhat skate-like form of body, and a type of dentition which could not ap- 
parently be very readily modified into that’of the existing forms. 


THE BEAKED Rays—Family RH/NOBATID.Z 


With this family we come to the first of what may properly be termed the rays 
and skates, in all of which the pectoral fins are so extended forward as to join the 
head, and thus form, with the body, the so-called ‘‘disc’’; the dorsal fins being 


always situated on the tail, and the mouth being generally, and the gill clefts al- 
ways, inferior. In the present family the tail is long and powerful, with two well- 


HALAVI RAY. 
(One-fifth natural size.) 


developed dorsal fins, and a longitudinal fold on each side; the disc is not excessively 
dilated, the rayed portion of the pectoral fins stopping short of the beak; and there 
is no electric organ. Skates and rays in general are among the most hideous and 
repulsive of all fish, some of them—especially in the warmer seas— attaining enor- 
mous dimensions; while some are dangerous from the wounds inflicted by the spines 
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of their tails. The tooth-like tubercles on the skin frequently attain a great devel- 
opment, and are aggregated into prominent bosses or longitudinal ridges. Dr. 
Giinther writes that the mode of life of these fishes is quite in accordance with the 
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THORNBACK SKATES. 
_ (One-sixteenth natural size.) 


form of their body, the true rays leading a sedentary life, moving slowly on the bot- 
tom of the sea, and rarely ascending to thesurface. ‘Their tail has almost entirely 
lost the function of an organ of locomotion, acting in some merely as a rudder. 
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‘They progress slowly by means of the pectoral fins; the broau and thin margins of 
which are set in an undulating motion, entirely identical with that of the dorsal and 
anal fins of the Pleuvonectide. Like the sharks, they are exclusively carnivorous, 
but being unable to pursue and catch rapidly moving animals, they feed chiefly on 
mollusks and crustaceans. ‘The color of their integuments assimilates, however, so 
closely to that of their surroundings, that other fishes approach near enough to be 
captured by them. ‘The mouth of the rays being entirely on the lower surface of 
the head, the prey is not directly sefzed ‘by the jaws; but the fish darts over its vic- 
tim so as to cover and hold it down with its body, when it is conveyed by some 
rapid motions to the mouth. Rays do not descend to the same depth as sharks; 
with one exception, none are known to have been caught by a dredge working i in 
more than one hundred fathoms. ‘The majority are coast fishes, and have a com- 
paratively limited geographical range, none extending from the northern into the 
southern temperate.zone. Some of the eagle rays are, however, more or less pelagic, 
‘although when these are met with swimming in the open sea it is probable that shoal 
water exists at no great dist ance. As may be observed in many of the lochs on the 
west coast of Scotland, where these loathsome creatures may be seen flapping lazily 
alone at the bottom of the clear water, skates and rays are more or less gregarious 
fishes. They frequently arrive suddenly on oyster beds,— tothe dismay of the 
owners,— where they appear to remain so long as any of the mollusks are obtain- 
able. Writing of the species armed with caudal spines, Day observes that they ‘‘lie : 
concealed in the sand, and are reputed to be able to suddenly encircle fish or other 
prey swimming above them with their long whip-like tails, and then wound them 
with their serrated tail spines.’’ Many rays ascend rivers to considerable distance, 
and some kinds, especially in tropical America, are exclusively inhabitants of fresh 
waters. Nearly all lay eggs. | 

To illustrate the typical genus, which is represented by about a 
dozen species from the warmer seas, we take the halavi ray (/hzno- 
batis halavz), which ranges from the Mediterranean and the coasts of Western Africa 
to China. In these fishes the depressed body passes imperceptibly into the tail; the 
muzzle is produced into a long beak, the space between which and the pectoral fin. 
is occupied by a membrane; and the wide nostrils are oblique, with their front valves 
separate. The blunt teeth are marked by an indistinct transverse ridge; the dorsal 
fins, which are situated far behind the pelvic pair, have no spines; and the caudal 
has no.lower lobe. Fossil species are found from the Tertiary to the upper Jurassic. 
The allied Australian genus 7rigonorhina differs in nae the front nasal valves 
united, and forming a broad quadrangular flap. 

The third genus of the family, which is represented by two species 
from the coasts of the tropical portions of the Indian Ocean, differs in 
that the first dorsal fin is placed above the pelvic pair, in the presence of a lower 
lobe to the caudal, and also in the form of the dental plate, which is deeply undu- 
lated, so that the prominences of one jaw fit into hollows in the opposite one; the 
individual teeth being more or less diamond shaped. ‘These rays do not exceed 
eight feet inlength. Several extinct genera occur in the upper Jurassic strata of 
Europe. 


Typical Genus 


Rhynchobatis 
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THE TRUE RAYS OR SKATES —Family RAIIDZ 


Represented by upward of seven British species, all of which belong to the 
typical genus, the true rays are characterized by the broad and rhombic form of the 
disc, the skin of which is generally marked with tooth-like rugosities. The tail 
has a longitudinal fold on each side, the degree of development of the median fins 
is variable, and the rayed portion of the pectoral fins extends to the muzzle. With 
the exception of occasional traces in the tail, electric organs are wanting. Of the. 
typical genus we take as a well- Ne “e 
known example the common Brit- : 
ish thornback (Raza cdavata); of 
which two examples are shown in 
the illustration. In this genus the 
tailis very sharply defined from the 
disc, which is generally covered 
with rugosities; the pectoral fins 
stop short of the extremity of the 
muzzle; the pelvics are deeply 
notched, with a stout front carti- 
laginous ray; the tail carries two + 7 : 
dorsal fins, and the caudal is rud- jaws of mate (A) AND FEMALE (B) THORNBACK 
imentary, or wanting. Most of SEATE. 
these skates are remarkable for presenting sexual differences, which in the: 
thornback and several other species display themselves in the dentition, the 
teeth of the males being sharp and pointed, while those of the opposite sex 
are blunt and flattened. Whereas the males of all the species are armed 
with patches of claw-like spines lying in. grooves on the upper surface of the — 
pectoral fins, and frequently also on the sides of the head, the females of 
some species have a kind of buckler of asperities on the disc, which is wanting 
in the other sex. In other cases the variation takes the form of a difference in 
color. ‘The numerous members of this genus are in the main characteristic of the: 
cooler seas, and while they are more abundant in the Northern than in the Southern 
Hemisphere, some of them approach nearer to the Arctic and Antarctic Circles tham 
is the case with any other rays. The flesh of all of them is eatable, that of many 
species being commonly sold as an article of food. ‘The common skate (Raza 
batis), which is ordinarily of from two to four feet in length, is grayish white im 
color, with black specks, the whole upper surface being more or less granulated.. 
Buckland records an unusually large specimen which weighed ninety pounds. ‘The: 
thornback takes its name from having the whole of the upper surface studded at: 
intervals with the above-mentioned claw-like spines; the tail being also armed with. 
longer spines, of which a row runs along the middle of the back. ‘The prevailing- 
color of the upper surface is brown, with numerous lighter spots, while beneath it 
is pure white. Fossil skates of this genus range through the Tertiaries to the 
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upper Cretaceous. At the present day the family is represented by three genera, 
each with but few species, from the warmer seas; and there are likewise certain ex- 
tinct generic types. 


aes 
Tue Erectric Ravys—Family TORPEDINIDA 


In common with the electric eel, the members of this family are characterized 
by their power of communicating galvanic shocks; the organs from which this 
power is derived taking the form of a series of vertically- placed prisms, situated on 


COMMON SKATE AND MARBLED ELECTRIC RAY. 
(One-fifteenth natural size.) 


each side of the front of the disc between the head and the pectoral fins. In addi- 
tion to this distinctive feature, these rays are characterized by the broad and smooth 
disc, in which the rays of the pectoral fins do not extend in advance of the base of 
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the muzzle; while the median fins are well developed. The family is represented 
by several genera, ranging over the Mediterranean, Atlantic, and Indian Ocean, 
into the distinctive features of which it will be unneeessary to enter here. A well- 
known example of the typical genus is the marbled electric ray ( Zorpedo marmor- 
ata), represented in the lower figure of our illustration. The hexagonal prisms 
forming the electric organs are subdivided into a series of cells by a number of deli- 
cate transverse partitions; the cells at the two ends of the prisms being in contact 
with the skin, and the whole structure liberally supplied with nerves. Internally 
each cell is lined by a nucleated structure, within which is a mass of jelly-like sub- 
stance. ‘‘ The fish,’’ writes Dr. Giinther, ‘‘ gives the electric shock voluntarily, 
when it is excited to do so in self-defense, or intends to stun or kill its prey; but to 
receive the shock the object must complete the galvanic circuit by communicating 
with the fish at two distinct points, either directly, or through the medium of some 
conducting body. If an insulated frog’s leg touches the fish, by the end of the 
nerve only, no muscular contractions ensue on thé discharge of the battery, but a 
second point of contact immediately produces them. It is said that a painful sensa- 
tion may be produced by a discharge conveyed through the medium of a stream of 
water. ‘The electric currents created in these fishes exercise all the other known 
properties of electricity; they render the needle magnetic, decompose chemical com- 
pounds, and emit the spark.’’ Specimens measuring from two to three feet across 
the disc are stated to be able to disable a man by the discharge of the battery. A 
writer in Land and Water, for 1869, in reply to Buckland, observes that ‘‘I have 
taken two torpedos in the estuary of the Tees. You say the one you dissected had 
nothing in its stomach. I was curious enough to see what those I caught were 
living upon, so I put my knife into one, and took from him an eel two pounds in 
weight, and a flounder nearly one pound. The next one I opened also, and was 
astonished to find in him a salmon between four and five pounds weight; and 
what I was more astonished at was that none of the fish had a blemish of any de- 
scription, showing that your idea of the fish killing his prey with his electrical force 
is quite correct.’’ es. | 


Tur EacLE Ravs—Family MYrLioBATIDE 


Known also by the ill-sounding title of devilfishes, the eagle rays include the 
largest representatives of their tribe, and are charactetized by the extreme width of 
the disc, owing to the great development of the pectoral fins, which are, however, 
interrupted at the sides of the head, to reappear as one or two small cephalic fins on 
the muzzle. The tail is slender and whip-like, the cleft of the mouth straight, and 
the teeth, when present, take the form of a solid pavement, adapted for crushing the 
shells of mollusks, and other hard substances. The eagle rays are inhabitants of 
tropical and temperate seas; and the members of some of the genera are remarkable 
for the development of the so-called cephalic fins into a pair of horn-like append- 
ages, which are stated to be employed in capturing the prey and helping te convey 
it to the mouth. Five genera are included in the family, all the members of which 
appear to be viviparous. | 
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The typical genus is represented by a small number of existing 
species, two of which are European; one of these, JZyliobatis aquila, 
occasionally visiting the British coasts, where it is often termed the whip ray. In 
this group the head is free from the disc, and the fin on the muzzle single. The 
large, flat, hexagonal teeth form a tesselated’ pavement, highly convex in the upper, 
but flat in the lower, jaw; the individual teeth are arranged in seven longitudinal 
rows, those of the unpaired middle row being much elongated and transverse, while 
the others form less irregular hexagons... The whip-like tail, in addition to a dorsal 
fin near the root, is generally armed with a large barbed spine. about the middle of 
its length. In the young the middle row of teeth are not larger than the lateral 
ones, and their relative width continues to increase throughout life. The species. 
above named, which has an almost cosmopolitan distribution, may attain to a length 
of upward of fifteen feet, with a weight of about eight hundred pounds. When cap- 
tured, these rays lash out with their tails, and thus inflict severe wounds with the 
‘spine. Fossil species of this genus occur through most of the Tertiary strata; and 
among these one from the Hocene of Egypt is remarkable for its enormous size, the 
teeth of the middle row being rather more than five inches in width. Although it 
is difficult to form an estimate of the exact size of the fish to which these teeth be- 
longed, it is thought that the width of the disc must have been about fifteen feet. 

In the allied genus Aé/obatis, now represented by a single widely- 
spread tropical species, but common in the Tertiary formations, the 
-muzzie carries two fins, and the dentition comprises only a single series of 
transversely elongated teeth, corresponding to the central row of the typical genus. 
In athird genus (Ahinoptera), of which there are seven living and several Tertiary 
species, the so-called fins on the muzzle are likewise double, while the tesselated 
teeth form five or more series. Of these the middle one is the largest, the first, or 
first and second, lateral series somewhat narrow, and the remainder in the form of 
more or less nearly regular hexagons; the dental plates of both jaws being strongly 
arched from back to front. The largest existing members of the family belong to 
the genera Dicerobatis and Cephaloptera, which are mainly confined to the tropical 
seas, and to which the name of devilfish might well be restricted. In the former 
of these the pectoral fins to not extend on to the sides of the head, which is trun- 
cated in front, and furnished with a pair of forwardly-directed appendages contain- 
ing fin rays, the nostrils being widely separated. Both jaws contain numerous 
rows of flat or tuberculated teeth; and the whip-like tail has a single dorsal fin 
above and between the pelvic pair, and may be armed with a spine. In the second 
genus, the mouth is terminal, and teeth are present only in the lower jaw. One of 
the Indian representatives of the first genus is known to measure fully eighteen feet 
across the disc, and a weight of over one thousand two hundred pounds has been 
recorded. Sir W. Elliot states that the horn-like appendages ‘‘ are used by the 
animal to draw its prey into its mouth, which opens like a huge cavern between 
them, The fishermen [in India] say they see these creatures swimming slowly along 
with their mouths open, and flapping these great sails inward, drawing in the 
smaller crustaceans on which they feed.’? ‘The capture of such hideous monsters is. 
a work of no little difficulty and danger, as they are quite capable of overturning a 


Typical Genus 


Other Genera 


THE STING RAYS 2921 


boat; and the danger is said to be the greatest in the case of a female accompanied 
_ by its single offspring. We must not leave this family without referring to the 
curiously-ridged quadrangular teeth from the Chalk described under the name of 
Ptychodus, which appear to indicate an extinct type of eagle ray. In these teeth the 
highly-polished crown is ornamented with large transverse or radiating ridges, sur- 
-rounded by a more finely-marked marginal area of variable width. ‘They are ar- 
ranged in longitudinal rows; the upper jaw having the teeth of the middle row the 
largest, and those of the lateral rows gradually decreasing in size; while in the 
lower jaw the middle teeth are rather small, and the two adjacent rows the largest. 


Tur Stinc Rays—Family 7RYGONIDZ 


Apparently the most specialized members of the entire group are the sting rays, 
in which the pectoral fins are continued uninterruptedly round the extremity of the 
_ muzzle, so that the whole of the margin of the very wide disc is formed by these 
fins, in the centre of which is the more elevated head and body. ‘The long and 
slender tail, which is frequently armed with a serrated spine, is sharply defined 
from the body; and the median fins, if present at all, are either imperfectly devel- 
oped, or are modified into serrated spines. The forms with armed tails, to which 
the name of sting ray is alone strictly applicable, inflict very severe wounds, dan- 
gerous not merely from the actual lesion, but apparently also from the presence of. 
some poisonous substance. In the larger kinds these formidable spines may be 
as much as eight or nine inches in length; and, as.they wear out, they are from 
time to time shed and replaced by new ones growing from behind. , Very numerous 
in species, and arranged under several genera, the sting rays are most abundant in 
the seas of the tropics, although some range into temperate waters. - 

The typical genus includes some twenty-five species, one of which (7rygon 
pastinaca) ranges from the south of England westward to America and eastward 
to Japan. In this group the greatly elongated and tapering tail is armed with a 
barbed arrow-shaped spine, while the skin is either smooth or dotted over with 
tubercles, the nasal valves unite to form a quadrangular flap, and the teeth are 
flattened. Mainly characteristic of tropical latitudes, these rays are most abun- 
dant in the Indian and Atlantic Oceans, although some species are inhabitants of 
fresh-water lakes in Eastern tropical America. The rough ray (Uvrogymnus 
asperrimus) of the Red Sea and Indian Ocean, which may measure from four to 
five feet in length from the head to the root of the tail, is the sole representative of 
a second genus, characterized by the long tail being devoid of either fin or- spine; 
although sometimes furnished with a narrow fold of skin below. ‘The whole of the 
body is thickly covered with teeth-like tubercles, the teeth themselves being flat- 
tened. The third genus (Urolophus) —in which the tail is of medium length, 
furnished with a distinct terminal rayed fin, armed with a barbed spine, and some- 
times with a rudimental dorsal fin, while the teeth are flattened — contains several 
rather small-sized species: from the tropical seas, and likewise an extinct one from 
the Eocene rocks of Italy. A fourth genus (Prevoplatea), of which there are some 
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half-dozen representatives from temperate and tropical seas, is characterized by the 
great width of the disc, which is at least twice as long as wide, and also by the 
shortness of the thin tail, which always bears a serrated spine and may have a rudi- 
mental fin; the minute teeth being either singly or triply cuspidate. The oldest rep- 
resentative of the family seems to be the extinct Cyclobat’s from the Cretaceous rocks 
of Palestine, in which the disc is either circular or oval in form, the tail very short, 
only slightly projecting beyond the margin of the disc, and devoid of either spine 
or fin, while the upper surface of the body has one or more longitudinal series of 
large spiny tubercles running backward from the pectoral girdle, the remainder of 
the body and disc being more or less sparsely covered with minute prickles. 


Tae reer LOBE-FINNED AND FOLD-FINNED SHARKS— Orders 
ICHTHYOTOMI and CLADODONTIA 


| The whole of the preceding members of the subclass are included in a single 

order, the characteristics of which have been already described; but in the Paleo- 
zoic strata of both Europe and the United States there occur remains of extinct. 
sharks, indicating two perfectly distinct ordinal groups. 

The essential characteristic of this group, as shown in the restored 
skeleton figured on p. 2685, is the lobed structure of the pectoral fins, 
which consist internally of a long tapering segmented axis, from 

which are given off a double series of 

cartilaginous rays, as shown in the figure 
on p. 2687. The internal skeleton of 
these sharks shows granular calcifi- 
cations in the cartilage; but the noto- 
chord is never or but seldom constricted 
into distinct vertebree, the calcification, 
except in the tail, stopping short at an 
incomplete stage, when the body of 
each segment of the backbone consists 
of three separate pieces, as in the 
_ example figured on p. 2680. ‘The upper 
and lower arches and spines of the 
backbone are tall and slender; the upper spines having no intercalary cartilages 
between them. As represented by the genus /Pleuvacanthus, common to the Per- 
mian and Carboniferous rocks of both sides of the Atlantic, these sharks are further 
characterized by the slender and slightly-depressed form of the body, the terminal 
position of the mouth, and the diphycercal tail. ‘The long and low dorsal fin is 
continued along the whole of the back from a short distance behind the head, and. 
its cartilages are more numerous than the subjacent spines of the vertebree; imme- 
diately behind the head is a long barbed spine, and the body was probably devoid 
of shagreen. ‘The teeth, as shown in the annexed illustration, are *very peculiar, 
consisting of two fee and generally pate -sized cones, supported on an 
eaters base. 


Lobe-Finned 
Group 


TEETH OF A LOBE-FINNED SHARK. 
(After Fritsch. ) 
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; The oldest and most primitive representatives of the entire subclass 
Fold-Finned | : 3 
: Group are the armored sharks of the Devonian and lower Carboniferous 
_ epochs, especially characterized by the simple structure of their fins, 
which, as explained on Dp. 2687, are of the fold type, aid consist simply of a series _ 
of parallel cartilaginous rods arising from a broad base. In many, but not all of 
them, the granules , 
constituting the 
shagreen of mod- 
ern sharks coal- 
esced so as to form 
large shields pro- 
tecting the body; ; 
and these fish were el y 
also armed with | 
more or less mark- 
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cases the teeth con- 
sisted of a single 
cone, with one | 
small basal cusp; but in other forms they seem to have coalesced into a Daeeene: 
like structure. Notraces of calcification have been detected in the notochord. As 
might have been expected these primitive sharks were of qari ey small size, 
averaging from three to four feet in length. 


RESTORATION OF A FOLD-FINNED SHARK ( Cladoselache). 
(After Dean.) 


THE EXTINCT SPINE-FINNED SHARKS — Order ACANTHODII 


Whereas the two preceding groups contain the most primitive and generalized 
representatives of the subclass, the order now to be considered , which is likewise 
confined to the Paleozoic epoch, comprises sharks of a more specialized type than. 
: | any existing forms. 

Indeed, these _ spine- 
finned sharks bear 
much the same relation- 
ship to the lobe-finned ° 
group, as is presented 
by the bony fishes to 
the fringe-finned ga- 


RESTORATION OF SPINE-FINNED SHARK (Acanthodes). : ; : 

(From A. S. Woodward, Cat. Foss. Fish. Brit. Mus.) noids; and in a strictly 

natural arrangement 

these forms should stand at the head of the class, although it is more convenient 


to consider them in this place. One of the essential features of the group is to be 
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found in the development of membrane bones overlying the original cartilaginous 
skull; the socket of the eye being also frequently surrounded with a ring of bones 
of: similar origin. In the internal skeleton the notochord is persistent, and the 
cartilages are superficially calcified, frequently with a granular structure. When 
teeth are present, these are firmly fixed’ upon membrane bones overlying the 
cartilages corresponding to the functional jaws of other sharks. ‘The gill arches 
bear a series of appendages which during life were probably furnished with mem- 
branous expansions similar to those of. the existing frill-gilled shark. In the fins 
the cartilages of the internal skeleton are greatly reduced, and the membranous 
portions are almost destitute of cartilaginous rays; while each ofthe paired and 
most of the median fins are provided with a large spine on the front edge. The - 
tail is of the heterocercal type, and the males lack the claspers characterizing the 
existing forms. Externally the body is covered with small and closely-arranged 
quadrangular granules, between two series of which runs the lateral line. ‘Three 
families constitute the order; the first of these, as represented by the genus 
- Acanthodes, having but a single dorsal fin; while in the other two— respectively 
typified by /schnacanthus and Diplacanthus—there are two of these fins. , 


THE LOWEST VERTEBRATES. AND THEIR 
ALLIES 


| CHAPTERI 
THe LAMPREY GROUP — CLASS Cyclostomata 


TILL within recent years both the lampreys and the strange little creature 
known as the lancelet were generally included among the class of fishes, which was 
alsotaken to comprise a number of armored extinct forms, of which a brief notice 
is given below. On the other hand, the marine animals commonly termed sea 
squirts, but technically known as ascidians, together with certain aberrant worm- 
like creatures, were classed with the great assemblage of so-called Invertebrates. 
Anatomical and palzontological investigations have, however, revolutionized our 
ideas concerning the creatures in question, with the result that while the lampreys 
are now separated from the fishes to form a class by themselves in the vertebrate 
subkingdom, the lancelet and sea squirts, together with the above-mentioned 
worm-like creatures are now regarded as forming a subkingdom by themselves, 
' known as the Semivertebrates, or Protochordata. The reason for the separation of 
the lampreys from the fishes will be gathered when we come to that group; but we 
must briefly notice in this place the considerations which have induced naturalists to 
brigade in one group such very dissimilar creatures as the lancelet, sea oo Unde and 
the aforesaid worms. 

In the introduction to the Vertebrates given in the first volume we have indi- 
cated the leading structural features of that group — more especially as developed in 
its higher members; among these one of the most important being the dorsal posi- 
tion of the great nervous system, or spinal marrow, which in the higher forms is 
underlain by the bodies of the vertebree. In our description of the fishes we have, 
however, seen that in some of the lower forms the vertebrae are represented only by 
the original cartilaginous rod known as the notochord, from which they are devel- 
oped by constriction in the higher types. To this we have to add that in the earlier 
stages of their development all vertebrates possess gill slits, which persist in their 
original condition only in the fishes and lampreys. Now the result of anatomical 
investigations has been to show that the lancelet, sea squirts, and the aforesaid 
worm-like creatures agree with the Vertebrates in the possession of a dorsally- 
situated nervous system, of a notochord, and of gill slits; and thereby differ from all 
other known animals. Consequently we may classify the animal kingdom as 


follows: 
(2925) 
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I. Caorpatre Anrmats— Division CHorpata {‘Xo@thord and Gill Slits, 
1. Vertebrates —Subkingdom VERTEBRATA. 
(1) Mammals— Class MAMMALIA. 
(2) Birds—Class AvEs. 
(3) Reptiles —Class REPTILIA. 
(4) Frogs and Salamanders — Class AMPHIBIA. 
(5) Fishes — Class PiscEs. 
(6) Lampreys and Hagfishes — Class CycLosTomatAa. 
2. Semivertebrates— Subkingdom PRoTOCHORDATA. 
(1) Lancelets— Class LEPTOCARDII. 
(2) Sea Squirts — Class TuNnICcATA. 
(3) Worm-like Forms— Class ENTEROPNEUSTA. 
II. NoncHorRDATE ANIMALS— Division INVERTEBRATA | Nervous System Ventral; no 


We shall consider briefly the suggestions that have been made concerning the 
- relationships between the semichordates and nonchordates at the close of this 
volume, and therefore proceed at once to the lampreys. Before doing so it may, 
however, be as well to mention that to rightly understand the peculiarities of all 
these matters requires a considerable amount of anatomical knowledge on the part 
of the reader; and structural features will eee be alluded to as simply and 
shortly as possible. 


THE LAMPREYS AND HAGFISHES —SuscLass Marsipobranchii 


As a class, the lampreys and their near allies the hagfishes, with which may 
probably be grouped certain armored extinct forms, are distinguished not only from 
the fishes, but likewise from all the vertebrates hitherto described, by the absence 
of true jaws, by the single aperture of the nostrils, as well as by the rasping tongue; 
there being no limbs or ribs, and the notochord either persisting in its original form 
or being merely surrounded by a series of calcified rings. Probably many or all of 
these characteristics are applicable to certain extinct forms now considered as more or 
less nearly allied to the lampreys, and we may accordingly provisionally regard 
these as distinctive of the subclass. On the other hand, we may consider the under- 
mentioned features distinctive of the lampreys as the representatives of a subclass 
(Marsipobranchii), apart from the aforesaid extinct forms. In the existing mem- 
bers of the group the skeleton is cartilaginous; the.skull, as in the chimzroid fishes 
and some of the sharks, is immovably joined to the vertebral column; and the gills are 
in the form of fixed pouches (hence the name of the subclass), without gill arches, and 
either six or seven in number, with their external apertures usually opening on the 
sides of the neck. Anterior in position, and adapted for sucking, the mouth is sur- 
rounded by a circular or subcircular lip supported by cartilages. The naked body 
is provided with median fins, having cartilaginous rays like those of many fishes. 
Internally, the heart is devoid of the anterior expansion known as the bulbus 
arteriosus; the intestinal canal is straight and simple; and the reproductive organs 
discharge into the cavity of the body. The place of teeth is taken in some forms 
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by horny structures, while in others the mouth is completely unarmed. Some dif- 
ference of opinion exists among naturalists as to whether the absence of the true 
jaws in the lampreys is an original or an acquired feature; but, to our mind, the 
apparent want of these organs in the primitive extinct lampreys seems to be strongly 
in favor of the former view. ee 
The true lampreys, of which the sea lamprey (Petromyzum marinus), 
river lamprey (P. fluviatilis), and the small lamprey (P. éranchialts) 
- occur in Britain, are the typical representatives of a family (Petromy- 
zide@) characterized by the nasal duct terminating in a closed sac behind, without 


‘True Lam- 
preys 


SEA LAMPREY, RIVER LAMPREY, AND SMALI, LAMPREY. 
(One-fourth natural size.) 


perforating the palate. As in all the other members of the group, the naked body 
is eel-like in form; but the family is peculiar in that its members undergo a meta- 
morphosis, the young being devoid of teeth, and furnished with a single median fin, 
whereas in the adult the sucking mouth is furnished with horny teeth resting ona 
soft cushion, and the median fin is divided. In the adult the tongue is furnished 
with rasping teeth, while above and below the aperture of the mouth there are a 
series of upper and lower teeth, and the sucking disc is likewise provided with 
smaller isolated teeth. -Eyes are present in the adult; and the aperture of the nos- 
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-trils is situated in the middle of the head. ‘The seven gill pouches open externally 
by as many apertures on each side of the neck, but communicate with the pharynx 
by a common opening to which the ducts of all converge. ‘The intestine is fur- 
nished with a spiral valve, and the eggs are minute. © , 

The true lampreys are characterized in the adult condition by having two dor- 
sal fins, the hindmost of which is continuous with the caudal; and likewise by the 
upper series of oral teeth consisting either of a doubly-cusped transverse ridge, or of 
two closely-placed separate teeth; while the teeth on the tongue are serrated. The 
genus appears to be represented by four species, which are confined to the coasts 
and fresh waters of the Northern Hemisphere, ranging as far south as West Africa. 
‘The largest of these is the sea lamprey, represented in the upper figure of our illus- 
tration, which may grow to as much as a yard in length, and is common to Europe, 
North America, and West Africa. On the other hand, the river lamprey, or lam- 
pern, which at certain seasons ascends the rivers of Europe, North America, and 
Japan in innumerable hosts, is somewhat less than two feet in length, and differs 
from the last species in being uniformly colored, instead of marbled with black. 
Still smaller is the small lamprey, also known as the pride or sandpiper, which -is 
likewise common to Europe and Western North Anierica, and scarcely reaches one 
foot in length; its coloration being uniform. ‘The young of this form was long 
regarded as a distinct genus, under the name of Ammocetes; but its true nature 
was discovered by watching the transformation into the adult. “Ihe larva, writes 
Dr. Giinther, requires three or four years for its full development. At first the 
head is very small, and the cavity of the mouth ‘‘surrounded by a semicircular 
upper lip, the separate lower lip being very small. There are no teeth, but several 
fringed barbels surround the mouth. The extremely small eyes are hidden in a 
shallow grove; but there is a median single nasal opening, and seven gill openings, 
as in the adult. The vertical fins form a continuous fringe, in which the later divi- 
sions are more or less distinctly indicated.’? When open, the mouth of lampreys is 
nearly circular in shape, but when closed forms a narrow slit. __ 

Much has still to be learned regarding the habits of lampreys, but it appears 
that all the members of the present genus ascend rivers for the purpose of spawn- 
ing, and that some of them pass the whole of their larval conditions in fresh waters. 
They are all carnivorous, and in the adult state attach themselves by their mouths, 
to the bodies of fishes, from which they rasp off the flesh with their horny teeth; 
fish being not unfrequently met with bearing the scars of wounds thus inflicted, and 
a salmon has been taken high up in the Rhone with a sea lamprey tightly adhering 
to its side. Bathers have also been known to be attacked by the same species. Com- 
monly keeping to the bottom, the sea lamprey may at times be seen swimming near 
the surface with a serpentine movement of the body. In the Severn the capture of 
this species lasts from February to May, while in the Thames the season is May and 
June; but in the Scottish rivers the lampreys do not ascend till the end of June, re- 
maining till the beginning of August. During the spawning season these fishes ex- 
cavate furrows in the river bottoms for the reception of their eggs, and are said to 
remove impeding stones by lifting them up with their sucking mouths. Being much 
exhausted by the function of spamaing, at its conclusion they make their way with 
(184) 
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all speed to the sea. The river lamprey was at one time thought to be a permanent 
inhabitant of fresh waters, but it has been taken.in the sea, and it has even been 
considered that it may undergo its metamorphosis in salt water. Always restricted 
to low-lying countries, this lamprey may be found alike in rivers, streams, lakes, 
and marshes, although it only spawns where the water is clear and flows swiftly 
over a stony bed. During the spawning season, which takes place in March and 
April, the lampreys acquire a brilliant metallic lustre; while at the conclusion of the 
function they generally perish. Formerly these lampreys occurred in enormous quan- 
tities in many of the English rivers, upward of three thousand having been taken at 
Newark in a single night; but the numbers in the Thames are new considerably 
diminished. ‘Their chief use is as bait for cod and other fish; for which they are 
speciaily adapted on account of the ease with which they can be kept alive. ‘There is 
‘nothing calling for special notice with regard to the habits of the small lamprey. 

rates the Southern Hemisphere the family is represented by three 
genera, in one of which there is a single species (Mfordacia mordax) 
common to the coasts of Chili and Tasmania; while in a second 
(Geotria) there is one Chilian and another South Australian species. The first of 
these two genera agrees with the typical representatives of the family in the con- 
tinuity between the second dorsal and caudal fins, but differs in having two groups 
of three-cusped teeth above the aperture of the mouth; whereas in the second 
genus the two fins above mentioned are separate, and there is a four-lobed plate 


Southern 
. Lampreys 


HAGFISH. 
(Three fifths natural size.) 


above the mouth. Some of these lampreys grow to a length of a couple of feet; 
and in the adults of some or all of them the skin of the throat is so much expanded 
as to form a kind of pouch. The third genus (Exomegas) appears to be known 
only by two examples from the Atlantic side of South America, one of which was 
picked up in the streets of Buenos Ayres in 1867, while the second was obtained 
from the Bay of Monte Video in 1890. With the exception that the dentition is of a 
peculiar type, very little is known as to the structure of this rare form. It will not 
fail to be noticed that the remarkable geographical distribution of these southern 
lampreys is paralleled by that of certain fresh-water fishes already described, with 
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‘the exception that there is no instance among the latter where a species is common 
to Australia and South America. | 

, The hagfishes, of which there are two genera, constitute a family 
(Myxinide) distinguished from the last by the nasal sac having a 
posterior duct which perforates the palate; the single external nasal aperture being 
_ situated above the mouth at the extremity of the head, which is furnished with 
four pairs of barbels. The mouth is devoid of lips, the palate is provided with a 
single median tooth, and there are two comb-like series of rasping teeth on the 
tongue. The gill apertures, or aperture, are situated at a considerable distance 
from the head; and each gill pouch has a separate duct opening into the cesophagus. 
The sides of the abdomen carry a row of mucous sacs, and there is no spiral valve 
to the intestine. The large eggs are invested in a horny envelope, furnished with 
. threads for adhesion. In the true hagfishes, of which the common species (JZyxine 
glutinosa) is found on the coasts of Europe and North America, there is but a single 
gill opening on each side of the abdomen, leading by means of six ducts to as 
many gill pouches. Another species has been recorded from the extremity of 
South America; and the range of the genus also includes Japan. In the second 
genus (dellostoma), of which there are two species from the coasts of the South 
Pacific, there are six or more gill openings on each side, each communicating by a 
separate duct with a gill chamber. All these creatures are marine, and are fre- 
quently found deeply buried in the bodies of fishes, more 
especially members of the cod family, into which they 
bore for the purpose of feeding on the flesh. ‘They are 
totally blind, and secrete vast quantities of slime, which 
seriously interferes with fishing in localities where these 
creatures abound. Met with in the fjords of Norway 
at a depth of about seventy fathoms, hagfishes have 
been dredged from depths of nearly three hundred and 
fifty fathoms. 


Hagfishes 


The Old Red Sandstone of Caithness has 
yielded the skeletons of a small limbless 
creature (Palgospondylus), which there is 
little doubt must be regarded as one of the forerunners 
of the modern lampreys. Measuring only about a 
couple of inches in length, these skeletons show a well- | 
calcified skull, while the notochord is surrounded by a 
series of calcified rings, and the tail has a large fin, of. 
which the supports on the upper side are forked like those 
of lampreys. The front of the head has a circular opening | 
surrounded with a ring of tentacles (dc, i), probably SIIGHYTY ENLARGED RESTO- 
corresponding to the nose of a modern lamprey; the "TION OF THE SKELETON 

'* P oh ek OF THE PRIMEVAIL LAM- 
opening of the nose itself (7) appears to be single and — pppy. | 
there are a pair of plates (x) behind the head not (After Traquair.) 
improbably representing gill plates. It may be confidently assumed that this little 
creature is but one among a series of lost types. 


Primeval 
Lampreys 


CHAPTER 1] 


THE ARMORED PRIMEVAL. VERTEBRATES — SUBCLASS 
3 OSTRACOPHORI 


A GRouUP of remarkable armored forms from the Paleozoic rocks formerly 
placed among the fishes, are now regarded as probably constituting a subclass of 
the class typically represented by the lampreys, although it must be confessed that 
we have at present no evidence of the links which, on this view, must be supposed 
-to have connected the two groups. Strange in form, and utterly unlike any living 
animals, these primeval armored vertebrates are characterized by the great develop- 
ment of the external skeleton, the head and fore part of the body being protected 
by large bone-like plates. There are no hard structures to the mouth, and there 
are, at most, but rudimental indications of arches for the support of limbs, while 
the notochord is persistent. They may be divided into three chief groups; and one 
of the most curious features connected with the first of these is the apparent struc- 
tural identity of one layer of its shield with a ae found in the investment of the 
living king crabs. 

The simplest of these armored prea is typified by the genus 
Pteraspis of the Devonian rocks, a partial restoration of which is given 
in the annexed figure. In these creatures the head and fore part of the body are 
protected both above and beneath by shields; while the tail, in some cases at least, 
is scaled. ‘The structure of the shield is curious, each plate consisting of an outer 
and inner hard layer, between. which is a thick stratum of polygonal chambers, 
perforated by delicate tunnels of the SPRSOY. canal system of the skin; all the layers 

| lacking the elements. 

of true bone, and the 
outer surface being 
marked with fine con- 
centric: ¢trirce.=) ihe 
eyes are lateral and 
? - widely separated, and 
toward the hinder end of the back shield (which is provided with a spine) there is 
an aperture on each side for the escape of water from a gill cavity. Although 
nothing is known as to the form and structure of the nose and mouth, the nostrils - 
must evidently have been placed near the mouth on the under surface of the head. 
A pit between the eyes probably marks the site of a rudimental median eye; and 
the structure of the under surface of the shield indicates the presence of separated 
gill pouches, which were probably supported by arches. From an examination of 
the whole structure of the remains, Mr. A. S. Woodward is of opinion that the 
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PARTIAL RESTORATION OF Flerasfpis. 
(From A. S. Woodward, Cat. Foss. Fish. Brit. Mus.) 
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shield probably covered ‘‘a truly fish-like head; and if it was not for the invariable 
absence of limbs and jaws, and the forward position of the breathing apparatus in 
Pteraspis and its allies, these animals might be placed, without hesitation, in the 
class of fishes. The possibility that limbs and jaws were present, but not calcified 
enough to be preserved, must, however, be borne in mind; while the negative evi- 
dence on this subject, and the want of information as to the parare of the tail, are 
factors necessitating caution in the determination of affinities.’ 

The next family of the group is typified by the genus Cephalasfis, 
in which the front shield appears to be confined to the head and gill 
region, and consists of .a single piece, rounded or pointed in front, abruptly trun- 
cated behind, and with the rounded margin bent inward below to form an orna- 
mented flattened rim. Of the triple-layered shield, the inner layer is bony, the 
thick middle one solid, although traversed by a network of blood vessels, while the 
upper one is tuberculated and resembles teeth in structure. The eyes are placed 
close together in the middle of the shield, the nostrils must have had much the 
same position as in ‘Pteraspis, and at the back of the shield there occurs on each 
side a small flap which must be regarded as a gill cover. Immediately behind the 
shield commences the 
ordinary scaling of 
the body, without any 
signs of arches for the & 
support of limbs. 
Paired fins appear, 
indeed, to be totally 
absent, although a dorsal and a caudal fin, stiffened by little elongated scales in | 
place of rays, are present. The large, deep, quadrangular scales covering the body 
form a series of interlocking rings, doubtless corresponding in the living ‘state to 
the underlying muscle plates of the body. 

The third modification of the group, as represented by fe Devonian 
Pterichthys, agrees in the general structure of the shield with certain 
members of the last section in which there is no dividing line between the head 
shield and the united scales of the body. ‘The head is, however, sharply defined 
from the body; and the armor, instead of being simple, consists of a number of 
overlapping plates arranged symmetrically to one another. An important point of 
distinction from all the preceding 
forms is to be found in the 
presence of a pair of hollow limb- 
like pectoral appendages, jointed 
near the middle. A small mov- 
able plate between the eyes seems 
to have lodged a median eye; 
another movable plate on the 
cheek appears to represent the 
gill cover; and a pair of loose jaw plates on the lower surface of the front of the 
head, in some forms at least, are finely toothed on the hinder border; but nothing | 
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definite is known with regard to the nature of the nose, mouth, and jaws. The 
arrangement of the median fins is generally similar to that obtaining in the second 
family. With regard to the true nature of the pectoral appendages, Mr. Wood- 
ward writes that they are commonly considered ‘‘as homologous with the paired 
pectoral fins of fishes, and certainly in their mode of fixation to the trunk there is 
much to favor that supposition; but the ‘discovery of an allied organism in the 
Devonian of Spitzbergen suggests the wisdom of suspending judgment. The dor- 
sal body shield of the latter is simpler than that of Prerichthys, but the arrangement 
of the plates on the ventral aspect is identical, and there are also hollow pectoral 
appendages. These appendages, however, are merely simple triangular spines, 
firmly fixed by suture to processes of the body armor; and if they are an inferior or 
special condition of the ordinarily movable arms, it seems not unlikely that those 
arms will prove to be different in origin from the paired limbs of fishes.’’ 


CHAPTER Iil 


THE LANCELETS —Subking¢dom PROTOCHORDATA 
Class Leptocardii 


Lille 


COMMON LANCELET, SINGLY, AND IN A CHAIN. 
(Natural size.) 


Wiru the curious semitransparent little creatures known as lancelets, forming 
the only family (Bvanchiostomatide) and genus of the class to which they belong, 
we leave the Vertebrates and come to the lower group of Protochordates; all of 
which retain the three essential vertebrate features mentioned on p. 2925. First 
described by the German naturalist Pallas in 1778, from a specimen captured on the 
Cornish coast, the common lancelet (Branchiostoma lanceolatum) was referred to that 
refuge for the destitute, the Molluska, where it remained till 1834, when it was re- 
discovered by Costa, on the Neapolitan coast, who gave the name of Branchiostoma, 
and placed it among the fishes, in the neighborhood of the lampreys and hags. It 
was again discovered by Yarrell in 1836, who assigned the title of Amphzoxus, and 
was the first to recognize the existence of a cartilaginous vertebral column, or noto- 
chord. ‘The upper figure of our illustration shows the pointed extremities of the 
body, and also a number of chevron-shaped lines, with their angles directed forward, © 
these being the partitions dividing the longitudinal mass of muscle clothing each 
side of the body into a series of segments. And it is due to this segmented structure 
that the lancelet is enabled to swim so speedily as it does, its progress being effected 
by serpentine movements of the body. Paired fins are wanting; but the back is 
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provided with a continuous dorsal fin, expanded posteriorly into a caudal fin, and 
continued forward to join the ring of feelers, or tentacles, growing from the margin 
of the hood-like expansion of skin which surrounds the mouth. The notochord ex- 
tends to the anterior and posterior extremities of the body, reaching beyond the 
muscle plates, and likewise in advance of the front extremity of the overlying nerve 
chord; the latter feature being peculiar to the lancelet. An aperture distant about 
two-thirds of the whole length from the head, and opening in the middle line of the 
lower surface of the body, is the outlet of a large cavity, or atrial chamber, sur- 
rounding most of the internal organs, and .especially the large pharynx; and the 
vent, as in many tadpoles, is situated high up on the left side; near the hinder end 
of the body. ‘The reproductive organs, which form oval structures lying below the 
muscle plates, differ from those of the Vertebrates in that they consist of a large 
number of perfectly distinct chambers, corresponding to the muscle segments of the 
region of the body along which they extend. In connection with the fins, it should 
be observed that, except at its two extremities, the dorsal fin is supported by a 
series of gelatinous rays, each lying in a chamber of its own; while the ventral por- 
tion of the caudal fin has a paired series of similar supports. In young and trans- 
parent examples, the pharynx, or that portion of the alimentary tract immediately 
behind the mouth, is distinctly visible through the walls of the body, and can be 
seen to be perforated on each side by a very large number of vertical gill slits, open- 
ing into the atrial chamber. In the living creature an almost continuous current of 
water is drawn, for the purpose of breathing and feeding, through the mouth into | 
the pharynx, whence it escapes by means of the gill slits into the atrial chamber, 
from which it is discharged through the pore. Unlike even the lowest Vertebrates, 
lancelets have no cartilaginous skull; the only solid structure in the head taking the 
form of a ring of.cartilage in the hood surrounding the mouth, which gives off a 
series of processes for the support of the feelers. Although paired eyes, as well as 
organs of hearing, are totally wanting in these strange little creatures, a pigment 
spot at the front end of the nerve tube represents a median eye; behind which is a 
- small nasal pit, communicating in the larva by means of a small pore with the front 
of the nerve tube. With regard to the other soft parts, it will suffice to mention 
that the anterior extremity of the nerve tube is not expanded to form a true brain; — 
and that the heart is represented merely by a series of pulsating dilatations of the 
great blood vessel; the blood itself being devoid of color. | 

' Lancelets are represented by some eight or nine species, all of which may be 
included in a single genus; although one from the Bahamas is peculiar on account 
of the unsymmetrical arrangement of its reproductive organs. Essentially littoral 
forms, inhabiting shallow water, especially where the bottom is sandy, these crea- 
tures have an almost universal distribution on the temperate and tropical coasts, al- 
though they are often curiously local. The European form has been recorded from 
Scandinavia, Heligoland, the English Channel, France, the Mediterranean, and 
Chesapeake Bay, growing to an unusual size in French waters. Other species occur 
on the Atlantic and Pacific shores of North and South America, as well as on the 
coasts of Australia, Japan, Ceylon, and the Fiji islands. Mr. A. Willey remarks 
that the lancelet ‘‘ possesses an extraordinary capacity for burrowing in the sand of 
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the seashore or sea bottom. If an individual be dropped from the hand on to a 
mound of wet sand, which has just been dredged out of the water, it will burrow 
its way to the lowest depths of the sand hillock in the twinkling of an eye. Its 
usual modus vivendi is to bury the whole of its body. in the sand, leaving only the 
mouth with the expanded buccal cirri [tentacles] protruding. When obtained in 
this position in a glass jar, a constant inflowing current of water, in which food 
particles are involved, can be observed in the neighborhood of the upstanding 
mouths. ‘The food consists almost entirely of microscopic plants (diatoms, desmids, 
etc.) and vegetable débris. . . . Occasionally it emerges from its favorite posi- 
tion in the sand, and after swimming about for some time it will sink to the bottom, 
and there recline for a longer or shorter period upon its side on the surface of the 
sand. When resting on the sand, it is unable to maintain its equilibrium in the 
samme position as an ordinary fish would do, but invariably topples over on its side, 
— indifferently, the right or left;’’ this inability to maintain its balance being due 
to the absence of certain structures of the internal ear, to which this function is as- 
signed in fishes. According to another observer, lancelets occasionally attach them- 
selves to another by their mouths. in a chain-like manner, as represented in our 
illustration. -That lancelets indicate an extremely archaic type, and also that they 
are more nearly allied to the Vertebrates than to the Invertebrates, may be consid- 
ered certain; although there is still a difference of opinion whether they should be 
looked upon as simple or degraded forms. — . 


CHAPTER IV 


THE SEA SQUIRTS OR ASCIDIANS—CLASS Tunicata 
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A LEATHERY FIXED SEA SQUIRT, Microcosmus. 
(Natural size.) 


EXTERNALLY, scarcely any creatures are more unlike the lancelet than those 
fixed marine animals commonly known as sea squirts, and technically as ascidians, 
or tunicates. Nevertheless, in the opinion of those best qualified to judge, the rela- 
tionship is probably closer than that existing between the former animal and the 
larva of a lamprey, in spite of the much greater external resemblance between the 
two latter. It is, however, when we dissect a sea squirt that we meet with struc- 
tures recalling certain features inthe anatomy of the lancelet; while to find evidence 
of the chordate affinities of the former, we have to go back to its larval condition. 
In the adult condition, writes Mr. Willey, most of the sea squirts ‘‘are sedentary 
animals, remaining fixed for their lifetime on one spot, whether attached to rocks, 
stones, shells, or seaweeds, from which they are incapable of moving. There are, 
however, several very extraordinary genera of ascidians, which swim or float about 
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perpetually in the open ocean, and have become adapted in the extremest manner to 
a purely pelagic environment.’’ As there are both simple and compound fixed 
ascidians, so there are two similar types among the pelagic forms; but some of the 
latter are complicated by an alternation of generations, the one generation being a 
simple form, whereas in the other generation the units are aggregated into chains, 
as shown in our plate of the creatures known as salpz. Among the compound 
fixed types the colonies, as they are termed, consist of a number of individuals pro- 
duced by budding from a single parent stock; such colonies frequently attaining 
very large dimensions, and being remarkable for their brilliant coloration, although 
in other cases they merely form thin incrustations on the surface of various marine 
objects. Other forms, on the contrary, are merely connected at their bases by a 
common creeping root-like base, from which new buds are from time to time given 
off, the individuals being otherwise free.* 


A LEATHERY SEA SQUIRT, WITH ONE SIDE OF THE OUTER TUNIC REMOVED. 
(Natural size.) 


Externally a simple sea squirt, like the one (4. microcosmus) repre- 
sented in the first illustration, has been aptly compared to a leather 
bottle with two spouts; these spouts forming funnel-shaped projections, 
one of which— generally situated at a higher level than the other— takes in water, 
which is discharged from the second. ‘The whole organism is invested in an ex- 
ternal tunic, varying much in structure, but being frequently warty, and generally 
opaque, although in the salpz it is transparent. A remarkable feature connected 
with this outer tunic is that it contains a substance — cellulose—identical in compo- 
sition with that forming the cell walls of plant tissues. On cutting through the 
outer tunic, we come, as in our second illustration, to an underlying muscular tunic, 
forming the true body wall, and consisting externally of an epidermis underlain by 
interlacing muscular fibres. In the illustration, a indicates the inhalent, and 4 the 
exhalent orifice of this inner tunic. On cutting into the inner tunic, we find a large 


Structure of 
Ascidians 


*Strictly speaking, the term “individual” includes all the units produced by budding from a‘common stock, 
but it is more convenient to use it in the ordinary sense. 
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so-called atrial cavity, inclosing to a great extent the viscera, and communicating © 
with the exterior by means of the exhalent orifice. | The inhalent orifice, or mouth, 
‘communicates, on the other hand, directly with the exceedingly large pharynx or 
branchial chamber, which extends nearly to the hinder‘end of the body, and is per- 
forated by a vast number of gill openings, through which the water taken in at the 
mouth passes into the atrial chamber. Instead of passing directly into the latter 
chamber with the water, the food is caught up in a mass of slime, and carried round 
the base of the mouth tube until it reaches the entrance to the cesophagus, which 
lies near the hinder end of the dorsal surface ofthe branchial chamber. Hence it 
passes into the stomach, and along the intestine, which forms a U-shaped curve 
turned away from the dorsal aspect; the vent opening on the same aspect into the 
atrial cavity below the exhalent orifice. With regard to the nervous and circula- 
tory system, it will suffice to say that there is a large nerve ganglion embedded in 
‘the tissue of the inner tunic, and lying on the dorsal surface of the body between 
the inhalent and exhalent orifices; and true blood vessels are wanting, the blood 
-merely flowing through a series of spaces in the muscles and other tissues of the 
body and between the viscera, and the heart forming a dilated tube. Unlike the 
higher Chordates, all the ascidians are hermaphrodite; thé reproductive organs fre- 
quently lying within the loop of the intestine, and discharging into the atrial cavity 
along side of the vent. A remarkable physiological feature of the group is to be 
found in the periodical reversal of the action of the heart; the blood being driven 
for a certain time in one direction, after which the heart. makes a short pause, and | 
then propels it in an opposite course. , | 

In addition to certain other structural features, into the consideration of which 
it would be impossible to enter in a work of the present nature, the essential re- 
semblance between the adult sea squirts and the lancelets is to be found in the pos- 
session by both of a pharynx perforated by a large number of gill openings, which 
convert it into a branchial chamber, opening into an atrial cavity instead of directly 
to the exterior. Several of the differences between the two, such as the hermaphro- 
dite reproduction and the bent intestine of the sea squirts, are probably due to their 
sessile habits, since such features are characteristic of most fixed organisms. Other 
points of difference are to be found in the absence of segmentation, and the want of 

a dorsal nerve tube and notochord in the adult ascidian, although, as we shall see, a 
- remnant of the latter exists in the tail during the larval condition. 

All ascidians, whether fixed. or free in the adult condition, go 
through a free-swimming larval stage, during a part of which they 
develop a tail containing a notochord and nerve tube; and as this feature is all im- 
portant from a morphological point of view, it must be mentioned here, although 
necessarily in a very brief manner. Generally the larval condition lasts but a short 
‘time; and this may be the reason for the development of the tail, as a powerful 
swimming organ would seem to be essential in order to enable the creature to reach a _ 
spot suitable for its permanent existence. During its development a groove makes its 
appearance on one surface of one ascidian embryo, the large cells on the side of which 
grow inward so as to inclose a tube, corresponding to the nerve tube of Vertebrates, 
beneath which is the notochord. When of an oval shape, and while still contained 
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in its investing membrane, the embryo assumes a ventral curvature, and at the 
same time produces a long tapering tail, which eventually becomes coiled round it. 
In addition to certain other structures, this outgrowing tail includes the nerve tube 
and the notochord; and in some forms contains the only muscles developed at all. 
Subsequently a rudimentary brain, corresponding to a simple structure in the lance- 
let, makes its appearance; and likewise an unpaired eye, agreeing precisely in 


A CARTILAGINOUS FIXED SEA squirt, Phallusia. 
(Natural size.) 


structure and mode of development with the rudimental median eye of the tuatera. 
After certain other changes, among which the development of a stomach and intes- 
tine are included, the larva is ready to burst from its membranes, which it does by 
spasmodic jerkings of the tail; and it thereupon startsona free-swimming existence. 
Before long the cellular structure of the notochord in the tail begins to disappear by 
the formation of vacuities; and eventually the whole structure becomes filled with 
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gelatinous matter. After a brief free existence it fixes itself by its muzzle to some 
submarine object, with the tail stretched out and generally motionless. In a short 
time this appendage commences to shorten, and finally disappears, by being drawn 
up into the body of the developing sea squirt and absorbed.. A further process of 
development results in the production of thé perfect sea squirt; but it would be quite © 
foreign to the scope of this work to enter into the details of the metamorphosis; and 
we may conclude this portion of our subject by stating that ascidians are probably 


PEAR-SHAPED ASCIDIAN, Hypobythius. 
(One-twelfth natural size.) 


the degenerate descendants of permanently free-swimming forms provided with a 
complete notochord and nerve tube; both of which structures are now in most cases 
only temporarily retained in the tails of the larve. | 

According to the classification adopted by Professor Herdman, the tunicates may 
be divided into three orders, the first’ of which is known as the Ascidiacea. This 
group includes both fixed and pelagic, simple and compound types, none of which. 
are provided in the adult state with a tail and retain no trace of a notochord; the 
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. free swimming forms constituting colonies, and the simple types being 
Typical ryan 
Ascidians generally fixed. The outer tunic is permanent and well developed, 
- generally increasing with the age of the individual; and the muscular 
structure of the inner tunic takes the form of an irregular nétwork, and never of 
hoop-like bands. The walls of the large branchial chamber are perforated by 
numerous slits, opening into a single atrial cavity, which in, turn communicates 
with the exterior by means of the exhalent aperture of the tunic; the vent opening 
into the atrial cavity. Many of the forms reproduce their kind by budding, and in 
most the sexually produced embryo develops into a tailed larva. The order is 
divided into three subordinal groups, of which the first— Ascidiz Simplices— 
includes fixed (rarely unattached, but never free swimming) and generally solitary 
forms, which very rarely reproduce by budding. When colonies occur, each of 
their individual members has a distinct outer tunic of its own, the whole society 
never being buried in a common investing mass. Four families are contained in 
this suborder, each’ represented by a large number of genera. Omitting mention 
of the first family, we may take as an example of the second (Cyzthitde) the genus. 
Microcosmus, of which specimens are shown in the figures on pp. 2938, 2939. Asa 
family, these sea squirts are characterized by being usually attached, and sometimes 
stalked, although rarely free. The outer tunic is generally membranous or leathery, 
but occasionally cartilaginous or covered with sand; while the inhalent aperture is 
usually, and the exhalent aperture invariably, provided with four lobes, meet- 
ing at the centre. The branchial chamber is longitudinally folded, with its © 
gill slits straight; and the tentacles may be either single or compound. In the 
figured genus the body is attached and sessile, and the tunic, which is not incrusted 
with a continuous coat of sand, is thin, leathery, and tough; both its apertures 
having four lobes, and the tentacles being compound. As an example of. the family 
A scidiide we may take the well-known Phallusia mammillata from the seas of’ North- 
western Europe and the Mediterranean, which is shown in the illustration on 
p. 2941, and is the sole representative of its genus. In the family to which it 
belongs the body is attached and usually sessile, although rarely stalked; the in- 
halent aperture generally has eight, and the exhalent six lobes; and, asa rule, the 
outer tunic is either gelatinous or cartilaginous, although it may be horny. The 
branchial chamber is. devoid of folds, with the gill slits either straight or curved; © 
and the tentacles are simple and thread-like. In the figured genus the body is erect 
and attached, and the outer tunic of a cartilaginous nature; its surface being mam- 
millated in a very characteristic manner. It may be mentioned here that all the 
simple sea squirts of this group, when touched, emit a jet of water; and that some 
of them, like the one figured on p. 2938, are used as articles of food. ‘T’o the same 
subfamily as Phallusia also belongs the extensive genus Ascidia, in which the outer 
tunic is soft and flexible, instead of being cartilaginous. A totally distinct sub- 
family is, however, indicated by the remarkable deep-sea genus Hyfobythius, of 
which the two known species were obtained at depths varying from six hundred to 
two thousand nine hundred fathoms, during the voyage of the Challenger. Here 
we find the cup-shape or pear-like body attached by a longer or shorter stem; while 
the apertures are circular and not closed by lobes. The outer tunic is cartilaginous, 
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but soft and thin, although thickened in places to form plates. The internal 
longitudinal bars usually found in the branchial chamber are wanting in this 
genus; the gill slits are small and irregularly placed; and the viscera form a com- 
pact irregular mass on the dorsal side of this chamber. In the species figured 
(7. calycodes), which is from the NorthPacific, the stem is of great length, and 
the cuter tunic thickened so as to form a number of nodules or plates; but in the 
South Atlantic form (/7. moseley?) the stem is much shorter, and there is only a 
single plate, situated on the dorsal side. Of very large dimensions, these deep-sea 
ascidians are decidedly the most beautifut members of the class, and present some 
resemblance to the glass sponges. A totally different type of structure is pre- _ 
sented by the last family (Clavelinide) of the suborder, in which the body of each | 
individual is attached by its posterior end, and usually by means of a stalk, to a 
creeping basal stolon, or common mass, from which young individuals are produced 
by budding. The outer tunic, which is usually thin and transparent, is in most 
cases gelatinous, although occasionally cartilaginous; and its circular apertures are 
but seldom distinctly lobed. Folds are wanting in the branchial chamber, but 
longitudinal bars may be present, although these lack the papillz found in the pre- 
ceding family; and the gill slits are straight. The tentacles resemble those of the © 
last family in their simple, thread-like form; but the digestive tract is usually 
extended behind the branchial chamber to form an abdomen. In addition to 
the ordinary sexual reproduction, colonies may be formed by budding from the 
common stolon. ‘Ten genera are included in the family, from among which the 
typical Clavelina is selected for illustration. Here the body is elongated and 
club shaped, but with no peduncle beyond the abdomen, and is attached to a 
| delicate, branched, creeping stolon, from which arise 
the buds. The thin outer tunic is gelatinous or 
cartilaginous, with its circular apertures devoid of 
lobes. The inner tunic is likewise thin, with its 
muscles mainly longitudinal; and the intestinal tract 
is extended to form a well-marked abdomen. In its 
restricted sense, the genus includes only half a dozen 
small species from Northwestern Kurope and the 
Mediterranean; the one here figured (C. lepadiformis) 
being characterized by the yellow or brown lines on 
the region known as the thorax. 

‘The second suborder of the typical sea squirts — 
Ascidize Compositee—includes fixed forms which repro- 
: duce by buds so as to constitute colonies in which the 
individuals are buried in a common investing mass, and thus possess no separate 
tunics. ‘The group includes seven families; and Professor Herdman remarks that 
as many of these have originated independently from simple forms, the whole 
assemblage is to a certain extent an artificial one. In the first family (Botrylde)’ 
the colonies as shown in the illustration on p. 2945, usually form thin incrustations 
on seaweeds or stones, although they occasionally take the shape of thick fleshy 
masses; the individuals being arranged so as to form either circles or ellipses, or in 


A CREEPING ASCIDIAN, Clavelina. 
(Natural size.) 
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branching lines. the common apertures of discharge are distinct, and usually 
furnished with lobes; the individual units are-short and show no division of the 
body into regions; and the outer tunic, which is usually soft, is traversed by 
numerous vessels with large terminal knobs. Internal longitudinal bars are present 
in the large and well-developed branchial chamber, in which the gill slits are 
numerous; and the simple tentacles do not exceed sixteen in number. Budding 
may take place either from the sides of the units constituting the colony or from 
the vessels in the tunic. Among the five genera constituting the family, the. 
typical Botryllus (figured on p. 2949) has the colony thin and incrusting, with the 
individuals arranged in.a circular manner, whereas in 

Botrylloides they form ellipses or branching lines. In the 

figured species of the latter (2B. albicans) from North- 

western Europe and the Mediterranean, the colony is 

pure white in color, but insome it is purple with yellow 

or green markings, ‘and in others yellowish green. As 

an example of forms in which the colony is thick and 

massive, we may cite the genus FPolycydus. Passing over 

the second family of the suborder, we come to the third 

(Polycinid@), in which the colony is usually massive, 

being sometimes incrusting, but in other cases lobed, or 

even stalked. The arrangement of the individuals is — 
highly variable; and the common apertures of discharge 

are usually inconspicuous. Although of an elongated 

form, the individuals usually differ from those of the 
family last noticed by being divided into three regions; 
the inhalent aperture having six or eight lobes, while the 
exhalent is frequently provided with a tongue-like process. 
The gelatinous or cartilaginous outer tunic is frequently 
stiffened by imbedded grains of sand; and the branchial 
chamber is usually small and poorly developed, with 
minute gill slits and no internal longitudinal bars. The 
tentacles are small and not numerous; the digestive tract 
is extended posteriorly to a considerable distance beyond 
the extremity of the branchial chamber; and budding takes 
place from the end of the postabdominal region. The - 
family is represented by. well nigh a score of genera, among which Amaructum may 
be selected as an example, on account of its numerous species. Here the colony is 
massive, being sometimes lobed or stalked; the mode of arrangement is usually com- 
pound and irregular; and the individuals are elongated, with six lobes to the inhalent 
orifice, and the postabdominal region elongated. The species figured on p. 2946 (4. 
densum) is from Northwestern Europe, and is characterized by its grayish yellow 
color, and the abundance of sand in the tunic; but other kinds may be black, orange, 
or rosy red, or white. In our figure, a shows fully active individuals; while those 
in the outer ring indicated by 4 assume a kind of torpid condition during the winter, 


but give rise to fresh buds in the spring. 
185 © 


AN INCRUSTING ASCIDIAN 
(Botrylloides) ON A SEA- 
WEED. . . 

(Natural size.) 
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Omitting mention of the remaining families of the group just considered, we 
come to the third and last suborder of the typical ascidians, namely, the phosphor- 
escent ascidians,— A. Lucize. These are represented solely by the genus Pyvosoma, 
which is thus the only member of the family Pyrosomatide. "These ascidians are 
free swimming pelagic forms, reproducing’by buds*in such a manner as to form 
colonies in the shape of a sac; such colonies sometimes attaining huge dimensions. 
In the sac thus formed the constituent individuals are imbedded in such a manner 
that all their inhalent apertures open on its outer surface, while their exhalent ori- 
fices are situated within the cylinder; the mouth of the sac forming the common dis- 
charging aperture. The apertures of the units are not lobed; and the outer tunic is 
gelatinous and transparent, containing no hard spicules, but provided with numerous 
minute cells. The branchial chamber is well developed, and the tentacles are 
simple. The first four individuals of the colony grow in the form of buds from a 
rudimentary sexually-developed larva; the subsequent increase taking place by bud- 
ding from a ventral posterior stolon. The genus is represented only by four species, 
in one of which (?. elegans) the individuals form regular oblique rows in the walls 
of the sac, while in the other three they 

are arranged irregularly. The largest 
of all is P. spinmosum from the Atlantic, 
in which the total length of the colony 
may be upward of four feet; this species 
being distinguished by the surface of the > 
sac being provided only with short sharp 
spines, instead of with large processes of 
| the tunic. It is to these ascidians that 
A COMPOUND ASCIDIAN (Amarucium) IN the most beautiful phosphorescence of 
WINTER CONDITION. tropical seas is due, each colony, when 
(Natural size.) stimulated by a touch or shake of the 
water, giving forth a brilliant ball of bluish light, which lasts for. several seconds, 
as the organism floats along beneath the surface, and then suddenly disappears. A 
colony is figured on p. 2954. 

Describing the luminosity produced By these ascidians, Bennett states that on 
one occasion in the Australian seas, when he reached the deck, he observed a ‘‘broad 
and extensive sheet of phosphorescence, extending in a direction from east to west, 
as far as the eye could reach. ‘The luminosity was confined to the range of animals 
in this shoal, for there was no similar light in any other direction. I immediately 
cast the towing net over the stern of the ship, as we approached nearer the lumi- 
nous streak, to ascertain the cause of this extraordinary and so limited phenomenon. 
The ship soon cleaved through the brilliant mass, from which, by the disturbance, 
strong flashes of light were emitted; and the shoal, judging from the time the vessel 
took in passing through the mass, may have been a mile in breadth. The passage 
of the vessel through them increased the light around to a far stronger degree, 
illuminating the ship. On taking in the towing net, it was found half filled with 
Pyrosoma, which shown with a pale, greenish light; and there were also a few shell- - 
fish in the net at the same time. After the mass had been passed through, the 
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light was still seen astern, until it became invisible in the distance.’’ Frequently 
the phosphorescence is intermittent, periods of luminosity alternating with intervals 
of darkness. Moseley writes that during the voyage of the Challenger, ‘‘a giant 
Pyrosoma was caught by us in the deep-sea trawl. It was like a great sac, with its 
walls of jelly about an inch in thickness. It was four feet in length, and ten inches 
in diameter. When a Pyvosoma is stimulated by having its surface touched, the 
phosphorescent light breaks out at first at the point stimulated, and then spreads 
over the surface of the colony as the stimulus is transmitted to the surrounding 
animals. I wrote my name with my finger on the surface of the giant Pyrosoma, as 
it lay on eee in a tub at Satay and my name came out in a few seconds in letters 
of fire.’ 
With the eecepHon of the family just mentioned, and also of a sec- 
ond one which constitutes the third order, the present ordinal group 
— termed the Thaliacea — includes the whole of the free swimming 
pelagic representatives of the class. Either simple or compound in 
structure, these ascidians lack both’a tail and a notochord in the adult, but have a 


Non-Luminous 
Pelagic 
Ascidians 


AN INDIVIDUAL OF A CHAIN SALPA. 
(Natural size.) 
a. inhalent, and 6. exhalent, orifice; d. gill; c. e. viscera; f. eye (?); g. pedicle of union. 


persistent outer tunic, which may be either feebly or fully developed. In the inner 
tunic the muscles are arranged in the form of more or less nearly complete circular 
bands, the contraction of which forms the motive agency of the creatures. The | 
branchial chamber has either two large openings, or a number of smaller gill slits, 
leading to a single atrial cavity; the latter communicating with the exterior by the 
exhalent aperture, and. the vent opening within it. In all the members of the 
group an alternation of generations takes place; and this may be further compli- 
cated by the individuals of a single generation being unlike one another. During 
one period of existence temporary colonies may be formed, but these never increase 
by the budding of the constituent units, which eventually separate from one another 
and disperse. 

The well-known salpz form a suborder — Hemimyaria— characterized by the 
formation of temporary colonies in the sexual generation, and represent a family 
(Salpide) distinguished by the muscular bands of the inner tunic being incomplete 
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on the lower surface of the body. Pelagic in habit, and transparent in structure, 
salpze have been not inaptly compared to a barrel with both ends knocked out; and 
really consist of little more than a huge pharynx, swimming through the water, and 
taking in large mouthfuls of the same at each contraction of its muscles. Through 
the hollow, to below the hinder aperture, runs obliquely a rod-like gill (d) from. 
above the mouth, although this is too narrow to interfere with the free flow of the 
water; while the lower surface of the interior of the creature is furnished with a 
ciliated slime-secreting band, corresponding tothe structure known in other ascid- 
ians and the lancelet as the endostyle.* It may here be well to mention that in the 
lancelet the structure in question is an elongated gland situated at the base of the 
pharynx, and against which the ends of the gill bars abut. ‘The only part of the 
salpa that is not transparent is the thick mass of viscera (¢, ¢) at the hinder end of 
the body; while the muscular bands, by the contraction of which the water is driven 
through the barrel, may be compared to the hoops of the latter. Externally the 
whole animal is invested with a thick, tough, transparent tunic; and in some forms - 
there are two tail-like appendages to the hinder end of the body. Such is the 
structure of a salpa; but there are two generations in the life of these creatures, 
namely, the simple form, and the chain-like or aggregate form; the first being shown | 
in the upper, and the second in the lower figure of the plate facing p. 2938. It will 
be observed that in the chain the individuals aré attached to one another by their 
upper and lower surfaces, and thus have these two apertures free; and when taken 
from the water the whole chain, which is several feet in length, can be easily 
resolved into its component units. ‘The specimen represented in the figure on p. 2947 
is one of these detached units from a chain, the’ projection marked g being for the 
purpose of attachment to the neighboring individual. Although extremely inter- 
esting and curious, the whole history of the development of salpze is so complicated 
that it is almost impossible to explain it fully in a popular work. It may be stated, 
however, that the solitary salpa is born from an egg carried within the body of one 
unit of the aggregate form, the embryo being nourished by means of a placenta 
from the blood of the parent... On the other hand, the chain salpe are produced 
asexually by budding from a stolon within the body of the solitary form. In the 
chain salpa the eggs arise, however, at an exceedingly early period of its develop- 
ment, with the curious result that three generations are present at one time ina 
single individual. Thus a solitary salpa has within it the buds of an aggregate 
salpa, the units of which may each contain eggs which will ultimatély develop into 
the next solitary form. And, asa matter of fact, in a solitary salpa the germ cells 
of the embryo of the next solitary form are actually visible before the development 
_of the stolon which is to give rise to the chain form. As the stolon forms in the 
body of the latter, it includes within it the mass of germinal cells; and while the 
former elongates to form the chain of units, the mass of germ cells likewise lengthens, 
with the result that a single egg cell is shut off in each unit of the chain. Simple 
salpz vary in size from a quarter of an inch to upward of eight inches; and in 
some parts of the ocean surface are met with in incalculable swarms. Although 
more abundant in tropical than in the cooler seas, their northward range extends 
beyond Scotland and Norway, while to the south they have been taken below the 
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latitude of Cape Horn and the most southern point of Australia. Dr. Brooks writes 
that ‘ they are abundant only after the water has been for some time undisturbed 
by winds; and as prolonged calms are most frequent in warm seas, those waters are 
most favorable for the developement of these animals, which multiply with most 
astonishing rapidity. The smaller species are often so abundant that for hundreds 
of miles any bucketful of water dipped up at random, will be found to contain © 
hundreds of them. In such places collecting with the surface net becomes imprac- 
ticable, for almost as soon as the net is dropped into the water, it becomes chocked 
‘with a mass so dense that nothing can enterit.’’ The food of these creatures con- 
sists of minute marine organisms, both animal and vegetable. In swimming, chain 
salpee progress by an undulating, snake-like movement. Usually, the family is 
divided into the two genera Salpa and Cyclosalpa, the latter being distinguished by 
having the digestive tract coiled up; but some writers have divided the first of these 
two into several subgeneric groups. A second family is represented by the very 
imperfectly known genus Octacnemus, dredged at depths of between one and two 
thousand fathoms in the South Pacific; the body being much flattened, and probably 
attached by one extremity. Nothing is known as to the life history of this singular 
form. } | 

The second suborder — Cyclomyaria — of the free swimming nonluminous ascid- 
ians takes its name from the muscular bands of the inner tunic forming perfect rings, 


¢ 


Botryllus. 
(Natural size and enlarged.) 


and is typically represented by the genus Doliolum. ‘The life history is complicated 
by polymorphism; the tailed larva developing into a sexless form, the buds from 
which give rise to nutritive units, fostering units, and reproductive units. In the 
typical genus all the muscles form encircling hoops, and the three forms of the 
sexual generation occur together on one stolon, or autgrowth; butin Anchinza there 
are only two complete muscular rings, and the three forms of the sexual generation 
are produced successively. 3 : 
‘The free swimming form known as Appendicularia is the type of the 
third and last order — Larvacea — of the class, all the members of which 
are characterized by the possession in the adult state of large tail-like 
appendages, furnished with a skeletal axis. These creatures, which are of minute 
size, have not undergone the degeneration so noticeable in the adult of the other 
tunicates, and thus correspond much more closely to the larval stage of the latter. 
A curious feature is the rapid production of a temporary outer tunic, which may be 
shed at any time, and replaced by a second one. ‘There is no separate atrial cavity; 
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and the branchial chamber is simply an elongated pharynx, with two openings on 
the lower surface, which correspond to the gill slits, and are well furnished with 
cilia. The nervous system consists of a large ganglion placed in the anterior part 
of the dorsal surface, followed by a long chord, provided with smaller ganglia, and 
extending backward over the intestine to reath the tail, where it runs along the left 
side of the skeletal axis. The intestine itself is situated behind the branchial cham- 
ber, and the vent opens on the inferior or ventral aspect of the body in advance of 
the gill slits. . Neither budding, metamorphosis, nor alternation of generations takes 
place; and the reproductive organs are situated at the hinder end of the body. The 
group comprises only the single family 4ppendzceulariide, which contains five genera, 
the names and characteristics of which it will be unnecessary to mention. 


CHAPTER V 


THE WORM-LIKE PROTOCHORDATES— CLASS Enteropneusta — 


THE last, and at the same time the lowest, group of the Proto- 
chordates is typically represented by the marine Balanoglossus. Liv- 
ing buried in the sand or mud of the seashore, these worm-like creatures exhale 
a peculiar odor resembling that of the 
chemical substance termed iodoform, and 
secrete a copious supply of slime, to which 
adhere particles of sand, thus forming 
a protective tube for their bodies. At the 
front extremity of the creature, writes 
Mr. Willey, ‘‘ there is along and extremely 
sensitive proboscis, which is capable of 
great contraction and extension, and is in 
the living animal of a brilliant yellow 
or orange color. Behind the proboscis 
follows a well-marked collar region, con- 
sisting externally of a collar-like expan- 
sion of the integument, with free anterior 
and posterior margins overlapping the 
base of the proboscis in front and the ante- 
rior portion of the gill slits behind. (The 
gill slits are seen in our illustration below A YOUNG BALANOGLOSSUS. 
the collar.) In the ventral middle line, _ (Much enlarged.) 
at the base of the proboscis, and concealed : 
by the collar, is situated the mouth. Following behind the collar is the region of 
the trunk or body proper, which, in the adult of some species, reaches a relatively 
enormous length, even extending to two or three feet. The ectodermal covering of 
the body consists in general of ciliated cells, among which are scattered unicellular 
mucous glands; the cilia, however, appear to be more prominent on the proboscis 
than elsewhere. In the region of the trunk, which immediately follows upon the 
collar region, there are a great number of paired openings on the dorsal side of the . 
body placing the anterior portion of the digestive tract in communication with 
the outer world. These are the gill slits, and they are arranged strictly in consecu- 
tive pairs to the number of upward of fifty in the adult. In their structure, and 
more especially in the possession of tongue bars, they bear a-remarkable resem- 
blance to the gill slits of the lancelet. This is particularly striking in young individ- 
uals. As the adult form is approached in the development, the bulk of the gill slits 
(2951) 
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sinks below the surface, only opening at the latter by small slit-like pores, and thus 
their true characteristic is obscured in superficial view.’’ On dissection, a rod-like 
strueture, which arises as an outgrowth of the alimentary canal above the mouth, is 
seen projecting into the interior of the proboscis; and this rod. has been identified 
- with the vertebrate notochord. Above this rod, and extending farther back, is a 
dorsal nerve chord, corresponding to the vertebrate nerve tube, and having, as in 
the latter, a central canal, at least during the earlier stages of growth. Some dis- 
tance behind the notochord this nerve tube gives off a descending branch, connect- 
ing it with a similar chord lying on the venttal aspect of the animal. . 
We thus have evidence of the existence in this strange worm-like creature of 
three essentially vertebrate characteristics, namely, gill slits, a notochord, and a 
nerve tube; and it is not a little remarkable that while in the sea squirts the 
notochord is found in the transitory tail, in Balanoglossus it is situated in the ante- 
rior extremity, where it extends some distance in advance of the mouth. Quite 
recently it has been shown that the tornaria larva of one species of Balanoglossus 
also possesses an endostyle (see p. 2948), comparable to that of the lancelet and sea 
squirts. ‘That the creature under consideration is closely allied to the other Proto- 
chordates, and thus to the Vertebrates, may be considered fairly certain; but there 
are also indications of affinity with Nonchordates. In the first place, while certain 
species of Balanoglossus pass through the earlier stages of their existence without 
undergoing a metamorphosis, in other kinds such a transformation takes place; the 
young making its first appearance in the world in the form of what is known asa 
. tornaria larva, or one closely resembling that of a starfish. And it is held by com- 
petent naturalists that this resemblance must be indicative of some kind of genetic 
relationship between La/anoglossus on the one hand, and starfish and sea urchins 
on the other. In the second place, there are not wanting indications of affinity 
with the so-called Nemertine worms, described in the next volume; these re- 
semblances presenting themselves in the structure of the outer layer of the 
skin, the presence of a proboscis (kept retracted in the Nemertines), as well as 
in regard to the nervous system, the reproductive organs, and the alimentary 
canal. i 
The two other forms included among the Protochordates are respec- 
tively known as Cephalodiscus and Rhabdopleura, and bear the same 
relation to the last as is presented by the compound ascidians to the lancelet. Both 
these curious creatures are fixed forms, living in societies, reproducing their kind 
by means of buds, and having a U-shaped, instead of a straight, intestine. Both 
are likewise deep-water creatures, the former having been dredged in the straits of 
Magellan at a depth of two hundred and forty-five fathoms, while the latter has 
been taken off the Shetlands in ninety, and off the Lofoten islands in two hundred 
fathoms. Extremely minute in size, Cephalodiscus lives in colonies, the individuals 
wandering about the tubes of a common house, the walls of which are composed of 
a gelatinous material, covered with spiny projections, and perforated by numerous 
apertures for the free circulation of water. The mouth is overhung by a large 
shield-like plate, surmounted by the row of plume-like tentacles; while on the side 
of the body is a pedicle from which grow the buds; locomotion being probably ef- 
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fected by means of- this pedicle and the mouth plate. The latter contains a short 
notochordal rod; and there is a single pair of gill slits opening from the pharynx, 
water being passed into this from the mouth by the action of the tentacles. In the 
allied genus Rhabdopleura the individuals which go to form a colony are connected 
with one another by means of a common stem, representing the remnants of their 
_ original contractile stalks; this stem gradually drying up with the growth of the 
colony in the region most remote from the living polyps. Each polyp has but a 
single plume-like tentacle; and the buds arising from the soft part of the common 
stem never become detached. While the nervous system and notochord are essen- 
tially the same as in Cephalodiscus, gill slits are wanting. 
Aucentigial _ Before making a few brief remarks on this interesting but perplex- 
Chordates 1Ug subject, it may be mentioned that while we have no satisfactory 
clue as to the first origin of the notochord, it has been suggested that 
the original function of gill slits was to carry off the superfluous water entering 
the mouth with the food; the connection with respiration being a later addition to. 
these structures. It is also an important factor in the consideration of this subject 
to bear in mind that the whole of the existing Protochordates are to a greater or 
less extent degenerate types, although they doubtless retain some original and sim- 
ple primitive features. For the proud position of the original ancestral stock, from 
which have sprung both Protochordates and Vertebrates, there are many claimants; 
among these being segmented worms or annelids, creatures allied to the existing 
king crab, and starfishes and sea urchins. With regard to the annelid theory, Mr. 
Willey very significantly remarks that in this case the doctrine of parallelism in 
development has not been sufficiently taken into account; and that the more complete 
the superficial resemblance between an Annelid and a Vertebrate, in the same 
measure is the parallelism in their developmental history the more striking, and © 
their genetic affinity the more remote. Neither is it likely that the king crab line 
of descent (in spite of the apparent identity in the structure of one layer of its shell 
with that of the Cephalaspidians) will hold good. The evidence in favor of an alli- - 
ance between Vertebrates and Echinoderms (sea urchins and starfishes), through 
the intervention of Balanoglossus, seems, however, to be steadily gaining ground. Mr. 
Willey, for instance, remarks that while it is probable that the proximate ancestor of 
the Vertebrates was a free swimming creature, intermediate in structure between an 
ascidian larva and the lancelet, the ultimate or primordial ancestor may be assumed 
to have been a worm-like animal, with an organization approximately on a level 
with that of the bilaterally symmetrical progenitors of the Echinoderms. Mr. Gar- 
stang also, having proved that the larve of the whole of the latter group can be de- 
rived from a single common type, and likewise having shown that the tornaria 
larva of Balanoglossus can be referred to the same modification, expressed an opinion 
that the Vertebrates also trace their origin to the same free swimming pelagic form. 
Perhaps still more probability may attach to a later theory of thesame observer, who ~ 
now comes to the conclusion that Echinoderms, Enteropneusta, and Chordates are 
all divergent branches from a common unknown ancestor; such ancestor being a 
bilaterally symmetrical creature with the general appearance of a certain type 
(Auricularia) of Echinoderm larva. From the hypothetical common stock the 
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Echinoderms appear to have been derived by a series of changes mainly correlated 
with the assumption of their characteristic radial symmetry; while the Chordates 
retained the original bilateral symmetry, at the same time undergoing certain 
changes, into the consideration of which it will be unnecessary to enter in this 
place. Still more complicated are the changes necessary to evolve Balanoglossus 
and its allies from the ancestral form. Such of our readers as are desirous of pur- 
suing further this interesting subject, may be referred to the works of the observer 
last mentioned. | : 
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A PYROSOMA COLONY. ety or 
In life the colony assumes a horizontal position. 
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Arapaimas, 2852. 
Arius, 2826. 

Armed Bullhead, 2753. 
Arthrodira, 2683, 2699. 
Ascidia, 2943. 
Ascidians, 2938. 
Ascidiide@, 2943. 
Aspidites, 2548. 


Aspidorhynchide, 2884. 


Aspidorhynchus, 2884. 
Aspius, 2838. 

Aspro, 2704. 
Asteracanthus, 2907. 
Astronesthes, 2858. 


| A therina, 24768. 


Atherinide, 2768. 
Atlantosaurus, 2392. 
Auliscops, 2776. 
‘Aulostoma, 2776. 
Aulostomatide, 2774. 
Australian Lungfish, 2694. 
Axolotls, 2667. 


Badts, 24720. 

Baéna, 2455. 

Bagarius, 2827. 
Bagrus, 2828. - 
Balistes, 2799. 
Balistide, 2798. 
Balanoglossus, 2951. 
Band Fishes, 2762. 
Baptemys, 2435. 
Barbel, 2832. 

Barbus, 2832. 
Barracuda Pike, 2767. 
Barracudas, 2730, 2767. 
Barramundi, 2696. 
Basiliscus, 2491. 
Basilisks, 2491. 

Bass, 2706. 

Batagur, 2432. 
Bathydraco, 2444. 
Bathythrisside, 2860. 
Batrachide, 2746. 
Batrachopsis, 2650. 
Batrachus, 2746. 
Batrachyperus, 2669. 
Bdellostoma, 2931. 
Beaked Fish, 2848. 
Beaked Gurnards, 2755. 
Beaked Lizards, 2616. 
Beaked Salmon, 2855. 
Bellia, 2428. 

Belone, 2771. 
Belonorhynchus, 2892. — 
Berry-Bone Fishes, 2699. 
Berychide, 2721. 
Beryx, 2723. 

Betta, 2784. 

Bichir, 2893. 
Bitterling, 2835. 

Bleak, 2838. 

Blennies, 2761, 2763. 
Blennitide, 2761, 2763. © 
Blennius, 2764. 
Blindfish, 2845. 

Blind Soles, 2816. 
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Blindworm, 2507. 
Blue Shark, 2897, 2808. 
Boa, 2553. 

Boid@, 2542. 

Boine, 2548. 

Boas, 2547. 
Dog-Headed, 2549. 
Keeled, 2551. 
Tree, 2548. 

True, 2553. 
Bolieria, 2556. 
Bombinator, 2651. | 
Bony Fishes, 2701. 
Bony Pike, 2882, 2883. 
Bowfin, 2884. 
Botryllide, 2944. 
Botrylloides, 2945. 
Botryllus, 2945. . 
Box, 2714. 

| Brachydirus, 2699. 

Brachylophus, 2499. 

Branchtiostoma, 2935. 


Branchiostomatid@, 2935. 


Bream, 2836. 
Brontosaurus, 2392. 
Brookesia, 2533. 
Brosmius, 2809. 
Brotula, 2810. 

Bufo, 2643. 
Bufontd@, 2642. 
Bullheads, 2750, 2751. 
Bungarus, 2584. 
’ Burbot, 2807. 
Bushmaster, 2606. 


Cachuga, 2431. 
Caimans, 2372. 
Caiman, 2373. 
Calabaria, 2548. 
Calamoichthys, 2893. 
Californian Toad, 2502. 
Callagur, 2432. 
Callichthys, 2828. 
Callorhynchus, 2700. 
Callophis, 2583. 
Calotes, 2478. 
Cantharus, 2714. 
Cantoria, 2581. © 
Carangid@, 2732. 
Caranx, 2732, 2733. 
Carassius, 2831. 
Carcharias, 2897, 28098. 
Carchariid@, 2897. 
Carcharodon, 2901. 
Carettochelyide@, 2455. 
Carettochelys, 2455. 
Carps, 2829. 
Beaked, 2835. 
Crucian, 2831. 
Golden, 2831. 
True, 2830. 
Casarea, 2555. 
Catfishes, 2825. 
Eel-like, 2827. 
Electric, 2828. 
Mailed, 2828. 
Yarrell’s, 2827. 
Caturus, 2885. 
Caudata, 2656. 


| Cestraciontide, 2906.. 


Chelone, 2439. 


-Chondropython, 2548. 


‘Choridactylus, 2719. 
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Cave Fish, 2809. 
Centrarchide, 2706. 
Centrarchus, 2706. 
Centriscid@, 2774. - 
Centriscus, 2777. 
Centrogenys, 2706. 
Centrophorus, 2910. 
Centropristes, 2708. 
Cephalaspis, 2933. 
Cephalodiscus, 2952. 
Cephaloptera, 2920. 
Cepola, 2761. 
Cepolida, 2%61. * 
Cerastes, 2598. 
Ceraterpetum, 2681. 
Ceratobatrachide, 2638. 
Ceratobatrachus, 2638. 
Ceratodus, 2694. 
Ceratophrys,' 2640. 
Ceratops, 2395. 
Cestracion, 2906. 


Cetorhinus, 2902. 
Chetodon, 2710. 
Chetodontide, 2710. 
Chatlcides, 2531. 
Chameleon, 2533. 
Chameeleons, 2532. 
Chame@leontide, 2533. 
Chamesaura, 2504. 
Channa, 2779. 
Characinid@, 2842. 
Characinus, 2842. 
Charina, 2556. 
Chauliodus, 2858. 
Chelmon, 2711. 
Chelodina, 2450. . 


Chelonia, 2399. 
Chelonide, 2438. 
Chelyadra, 2437. 
Chelydride, 2436. 
Chelyid@, 2446. 
Chelys, 2448. 
Chersydrus, 2561. 
Chilodactylus, 2718. 
Chiloscyllium, 2906. . 
Chimera, 24700. 
Chimeride, 2400. 
Chimeeroids, 2683, 2699. 
Chioglossa, 2661. 
Chirid@e, 2462. 
Chirocentrid@, 2859. 
Chirocentrus, 2859. 
Chirotes, 2518, 
Chirus, 2763. 

Chisel Jaw, 2855. 
Chitra, 2458. 
Chlamydosaurus, 2481. 
Chlamydoselache, 2907. 
Chologaster, 2846. 


Chondrostet, 2886. 
Chondrosteus, 2892. 
Chondrostoma, 2835. 


Chorinemus, 24718. 
Chromidida, 2789, 2793 
Chromis, 2794. 


Chrysemys, 2430. 
Chrysichthys, 2828. 
Chthonerpetum, 2678. 
Chub, 2833. 
Cladocyclus, 2468. 
Cladodontia, 2922. 
Cladoselache, 2923. 
Claosaurus, 2394. 
Clarias, 2824. 
Claudius, 2435. 
Clavelina, 2944. 
Clavellinid@, 2944. 
Clemmys, 2427. 
Clidastes,:2613. 
Climbing Perch, 24780. 
Clupea, 2863. ; 
Clupeid@, 2862. 
Cimoliosaurus, 2461. 
Cinosternid@, 2434. 
Crnosternum, 2434. 
Cinixys, 2420. 
Cirrhites, 2718. 
Cirrhitichthys, 2718. 
Cirrhitid@, 2717. 
Cistudo, 2423. 
Coalfish, 2807. 
Cobitis, 2841. 
Cobras, 2585. 
Coccosteid@, 2699. 
Coccosteus, 2699. 
Cod Tribe, 2803. 
Cecilia, 2678. 
Cectliide, 2678. 
Celacanthus, 2894. 
Coffer Fishes, 2798, 2800. 
Cotlia, 2866. 
Coluber, 2573. 
Colubride, 2560. 


Comb-Gilled Fishes, 279;, 2798. 


Comephorus, 2766. 
Compsognathus, 2392. 
Conger, 2821. 
Conolophus, 2497. 
Conyrodus, 2811. 
Corallus, 2549. 
Coronella, 2567, 2572. 
Coryphena, 2737. 
Coryphenide, 2736. 
Corythophanes, 2493. 
Cottid@, 2750. 
Cottus, 2750. 
Craits, 2584. 
Crenidens, 2714. 
Crocodiles, 2367. 
Earlier, 2388. 
Estuarine, 2378. 
Existing, 2371. 
Indian, 2378. 
Long-Nosed, 2385.. 
Nile, 2380. 
Orinoco, 2383. 
Sharp-Nosed, 2382. . 
Siam, 2383. 
Stumpy, 2376. 
‘True, 2377. 
Crocodilia, 2367. 
Crocodilida, 2371. 
Crocodilus, 2378. 


Crossopterygtt, 2682, 2701, 2892. 


Crotalus, 2602. 
Cryptobranchus, 2672. 
Cryptodtra, 2447. 
Ctenosaura, 2501. 
Curtide, 2723. / 
Curtus, 2724. 
Cybitum, 2740. 
Cyclanorbis, 2458. 
Cyclemys, 2422. 
Cycloderma, 2458. 
Cyclomyaria, 2949. 
Cyclopterid@, 2756. 
Cyclopterus, 2757. 
Cyclosalpa, 2949. 
Cyclostomata, 2925. 
Cyclura, 2499. 
Cynodon, 2843. 
Cynthtide, 2943. 
Cyprinide@, 2829. 
Cyprinodon, 2844. 
Cyprinodontide, 2843. 
Cyprinus, 2830. 
Cyttid@,. 2735. 
Cyttus, 2736. 


Dactylopterid@, 2754. 
Dactylopterus, 2755. 
Dace, 2834. 
Damonia, 2429. 
Danubian Perches, 2704. 
Dapedius, 2886. 
Dapedoglossus, 2851. 
Dasypeltis, 2577. 
Dendrelaphis, 2577. 
Dendrobates, 2636. 
Dendrobatide, 2636, 
Dendrophts, 2577. 
Dendrophryniscide, 2642. 
Dentice; 2715... 
Dermatemydide, 2434. 
Dermatemys, 2435. 
Desmognathus, 2669. 
Devilfish, 2920. 
Dibamide, 2532. 
Dicamptodon, 2669. 
Dicerobatis, 2920. 
Dicynodonts, 2620. 
Dinosauria, 2389. 
Dinosaurs, 2389. 
Armored, 2395. 
Bird-like Group, 2393. 
Carnivorous Group, 2392. 
Horned, 2395. 
Lizard-Footed Group, 2390. 
Diodon, 2801. 
Diodontide, 2800. 
Dipnoi, 2683, 2693. 
Diplacanthus, 2924. . 
Diplocynodon, 2376. 
Diplomystus, 2866. 
Dipsas, 2580. 
Discoglosside, 2650. 
Discoglossus, 2651. 
Distira, 2592. 
Ditrema, 2793. 
Ditrematide, 2792. 
Dogfishes, 2904, 2905. 
Spiny, 2909. 
Dolichosaurta, 2612. 
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Dolichosoma, 2681. 
Doliolum, 2949. 
Dorab, 2859. 
Doras, 2828. 
Dories, 2735. 
Doryichthys, 2797. 
Double Eyes, 2844. 
Draco, 2477. 
Dragonets, 2761. 
Dragon Fish, 2755. 
Drum, 2724. 
Dryophis, 2580. 


Eagle Rays, 2919. 
Ecaudata, 2622. 


| Echenets, 2740. 
-| Bchiostoma, 2858. 


Etchis, 2600. 
E-daphodon, 2700. 
Eelpout, 2807. 

Eels, 2817. ~ 
Conger, 2821. 
Deep-Sea, 2822. 
Electric, 2824. 
Serpent, 2822. 
Short-Tailed, 2823. 
Single-Slit, 2822. 
Spiny, 2765. 
True, 2819. 

Eja, 2600. 

Elacate, 2740. 

Elaps, 2581. 

Elasmobranchit, 2683. 

Elasmodus, 2700.. 

Electric Eel, 2824. 

Electric Rays, 2919. 

Elops, 2866. 

Eilseya, 2451. 

Emperor Fish, 2711. 

Emyda, 2458. 

Emydura, 2451. 

Emys, 2425. 

Encheliophis, 2810. 


Engraulis, 2866. 


Engystomatide, 2637. 
Enteropneusta, 2951. 
Enygrus, 2551. 
Losphargis, 2446. 
Epicrates, 2548. 
Erythrinide, 2842. 
Eryx, 2555. 
Escuerzos, 2641. 
Esocid@, 2847. 
Esox, 2847. 
Eublepharis, 2474 
Funeces, 2551. 
Eustomias, 2859. 
Exomegas, 2930. 


Fan-Finned Fishes, 270 
Feather Backs, 2850. 
Fer-de-Lance, 2611. 
Ferreiro, 2647. 
Fierasfer, 2810. 
Fighting Fish, 2784. 
Filefishes, 2793. 

Firm Fin, 2717, 

Fishes, 2682. 

Fish Lizards, 2614. 
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Fistularia, 2774. 
Flatfishes, 2812. 
Flounder, 2815. 
Flutemouths, 2774, 2776. 
Flying Dragons, 2396. | 
Flying Fish, 2770, 2772. 
Flying Gurnards, 2754. 
Fold-Finned Sharks, 2922. 
Fringe-Finned Ganoids, 2892. 
Frogtishes, 2746. 
Frogs, 2622, 2630. 

Agile, 2632. 

. Antillian, 2641. 
Bull, 2634. 
Common, 2631. 
Darwin’s, 2638. 
Disc-Tongued, 2656 
Edible, 2631. 
European, 2631. 
Extinct, 2650. 
Fire-Bellied, 2651. 
Flying, 2635. 
Grasshopper, 2645. 
Guppy’s, 2634. 
Horned, 2640. 

Leaf, 2641. 
Midwife, 2651. 
Montezuma’s, 2634. 
Moor, 2632. 
Narrow-Mouthed, 2637. 
Piping, 2642. 
Pouched, 2649. 
Sharp-Nosed, 2638. 
Short- Headed, 2638. 
Southern, 2640. 
Spur- Toed, 265 3. 
Tongueless, 2652. 
Tree, 2636, 2645. 
Typical, 2630. 
Water, 2631. 


Gadide, 2803. 
Gadus, 2805. 
Galesaur, 2620. 
Galeus, 2899. 
Garial, 2386. 
Extinct, 2388. 
Schlegel’s, ses 
Garialis, 2386. 
Gar Pike, 2771. 
Ghsfrbchtnas 2738. 
Gastrostéid@, 2774. 
Gastrosteus, 2774. 
Geckonide@, 2468. 
Geckoes, 2468. 
Eyelid, 2474. 
Fringed, 2472. 
Lobe-Footed, 2470. 
Turkish, 2471. 
Wall, 2472. 
Gegenophis, 2678. 
Genypterus, 2810. 
Geoémyda, 2421. 
Geotria, 2930. 
Gerrhonotus, 2505. 


| Giltheads, 2715. 


Glauconia, 2541. 
Glauconiide, 2541. 
Globefishes, 2800. 
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Gobies, 2758. 
Gobiide, 2758. 
Gobio, 2832. 

Gobius, 2758. 
Gobioesocid@, 2477. 
Gobtoesox, 2778. 
Gongylophis, 2556. 
Goniognathus, 2737. 
Goniopholis, 2389. 
Gonorhynchide, 2855. 
Gonorhynchus, 2855. 
Grayling, 2881. 

Gray Mullets, 2769. 
Gudgeons, 2832. 
Gurami, 2784. 
Gurnards,. 2751, 2754. 
Gymnarchus, 2848. 
Gymnelis, 2803. 
Gymnoscopelus, 2856. 
Gymnotide, 2817. 
Gymnotus, 2824. 
Gyroptychius, 2894. 


Haddock, 2806. 
Hagfishes, 2927, 2931. 
Hairtails, 2730. 
Hairy Backs, 2762. 
Hake, 2807. 
Halargyrcus, 2807. 
Half Beaks, 2772. 
flaliophis, 2811. 
Hamadryad, 2586. 


Hammer-Headed Shark, 2899. 


Haplochiton, 2867. 
faplochitonide, 2867. 
Hlaplodactylus, 2714. 
flardella, 2432. 
fTarottia, 2700. 
Hausen, 2891. 
Hedgehog Mouths, 2858 
flelicops, 2566.. 
Hellbender, 2672. 
Flelminthophis, 2541. 
fleloderma, 2508. 
Helodermatide, 2508. 
flemerocoétes, 2762. 
Hemtbungarus, 2584. 
flemichelys, 2455. 
Hemimyaria, 2947. 
Hemiphractide, 2652 
Hlemirhamphus, 2772 
Hemirhynchus, 2731. 
Fleniochus, 2711. 
Herrings, 2862, 2863, 2866. 
Fleterocarpus, 2793. 
Heterotis, 2853. 
Hippocampus, 2798. 
Hippoglossus, 2814. 
Histiophorus, 2426. 
Hlolacanthus, 2711.- 
Holocentrum, 2722. 
Holocephali, 2683, 2693, 2699. 
Holoptychius, 2894. 
Holibut, 2814. 
Homalopsis, 2581. 
Homalopterus, 2830. 
Homeosaurus, 2618. 
Homopus, 2418. 
Hoplognathide, 2716. 
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Hoplognathus, 2716. 
Hoplosaurus, 2392. 
Horned Lizards, 2501. 
Horse Mackerels, 2732. 
Hybodus, 2907. 
Hydraspis, 2451. 
Hydrocyon, 2843. 
Hydromedusa, 2449 
Hydrophis, 2592. 
HAydrus, 2592. 
Hyleochelys, 2456; 
Hylidae, 2645. 
Hyla, 2646. 
Hylodes, 2641. 
Hylonomus, 2681. 
Hypnobius, 2669. 
Hyodon, 2854. 
Hyodontide, 2853. 
Hyperodapedon, 2618. 
Hypobythius, 2942. 


Ichthyophis, 2678.. 
Ichthyopterygia, 2614. 
Ichthyosaurs, 2614. 
Ichthyoscopus, 2744. 


Ichthyotomt, 2683, 2922. 


Ide, 2833. 
Iguana, 2499. 
Iguanas, 2487. 
Black, 2501. 
Extinct, 2501. 
Fijian, 2499. 
Ring-Tailed, 2499. 
True, 2498. 
Iguanavus, 2501. 
Iguantda, 2487. 
Iguanodons, 2394. 
Ilysta, 2557. 


| Llysttd@, 2557. 


Ischnacanthus, 2924. 
Tsospondyli, 2850. 


jacares, 2373. 
Jacuaru, 2515. 
Jararaca, 2611. 


Knerria, 2481. 
Knerriide, 2481. ° 
Knife-Jawed Fishes, 2716. 
Kreuzotter, 2595. 


Labarta, 2611. 
Labride, 24789, 2790. 
Labrus, 2791. 


Labyrinth-Gilled Fishes, 2780. 


Labyrinthodontia, 2679. 
Lacerta, 2520. 
Lacertide@, 2519. 
Lacertilia, 2463. 
Lachests, 2606. 
Lamna, 2901. 
Lamnide@, 2901... 
Lampreys, 2925, 2927. 
Lampris, 2737. é 
Lancelets, 2935. 
Lariosaur, 2462. 
Larvacea, 2949. 
Lates, 2708. 


Latilide, 2744. 


Latilus, 2744. 

Latris, 2719. 
Latrunculus, 2759. 
Leathery Turtles, 2444. 


| Lepadogaster, 2778. 


Lepidocottus, 2750. 
Lepidopus, 2729. 
Lepidosiren, 2696. 
Lepidosirentde@, 2694. 
Lepidosteid@, 2882. . 
Lepidosteus, 2883. 
Lepidotus, 2886. 
Leptocardit, 2935. 
Leptodactylide, 2640. 
Leptodactylus, 2642. 
Leptolepis, 2866. 
Leptoscopus, 2744. 
Leucaspius, 2839. 
Leuciscus, 2833. 


Lialis, 2425. 


Liasis, 2548. 
Lichanura, 2556. 
Light Fish, 2857. 
Ling, 2809. 
Liodesmus, 2885. 
Liodon, 2613. 
Lizards, 2463. 

Anolis, 2489. 

Australian Frilled, 2481. 

Beaked, 2616. 
Bronze, 2531. 

Ceylon Horned, 2478. 

Flying, 2477. 

Fringe-Toed, 2526. 

Galapagos, 2494, 2496. 

Girdled, 2503. 

Greaved, 2513. 

Green, 2520: 

Horned, 2501. 

Keeled, 2524. 

Long-Necked, 2612. 

Moloch, 2486. 

Oriental Tree, 2478. 

Pearly, 2520. 

Poisonous, 2508. 

Ridge-Headed,2493. 

Sail-Tailed, 2482. 

- Scale- Footed, 2474. 
Sea, 2494. 
Snake-Eyed, 2520. 
Snake-like, 2504. 
Stilted, 2493. 
Stump-Tailed, 2528. 
Thorny-Tailed, 2483, 2485. 
True, 2510. 
Viviparous, 2522. 
Wall, 2524. 

Loaches, ‘2840. 

African, 2841. . 
Lobe-Finned Sharks, 2922. 
Loggerhead, 2441. - 
Long-Finned Herring, 2860. 
Long Fins, 2718. 
Longtails, 2811. 

Lophiide, 2747. 
Lophius, 2747. 
Lophobranchit, 2701. 
Lopholatilus, 2745. 


| Lophotes, 2786 


Lophotide, 2785. 
Lophurus, 2482. 
Loricaria, 2829. 
Lota, 2807. 
Loxocemus, 2548. 
Lucifuga, 2809. 
Luctocephalide, 2780. 
Luciocephalus, 2785. 
Lucioperca, 2704. 
Lumpsuckers, 2756. 
Lungfishes, 2683, 2694. 
Luth, 2444. 

Lycodes, 2802. 
Lycodide, 2802. 
Lytoloma, 2443. 


Mackerels, 2738. 
Macroclemmys, 2437. 
Macrones, 2828. 
Macruride, 2811. 
Macrurus, 2811. 


Mailed Tube Mouths, 2795. 


Malacanthide, 2746. 
Malacanthus, 2746. 
Malaclemmys, 2429. 
Malacosteus, 2859. 
Malapterurus, 2828. 
Mantella, 2636. 
Many-Rayed Salmon, 2878 
Marane, 2880. 
Marsipobranchii, 2927. 
Mastodonsaurus, 2681. 
Matamata, 2449. 
Meagres, 2725. 
Megalobatrachus, 2670. 
Megalosaurus, 2392. 
Megalurus, 2885. 
Melampheés, 2722. 
Mene, 2737. 
Merluccius, 2807. 
Metoposaurus, 2681. 
Metriorhynchus, 2389. 
Microcosmus, 2943. 
Minnow, 2834. 
Miolania, 2455. 
Miolaniide, 2455. 
Misgurnus, 2841. 
Molge, 2661. 
Moloch, 2485. 
Molva, 2808. 
Monacanthus, 2799. 
_ Monitors,2509. 
Monkfish, 2911. 
Monocirrhus, 2720. ° 
Monopterus, 2823. 
Moon Eye, 2853. 
Mordacia, 2930. 
Morelia, 2545. 
Morenia, 2431. 
Mormyride, 2848. 
Mormyrus, 2848. 
Morone, 2707. 
Mosasaurus, 2612. 
Mudfish, 2696. 
Mud Skippers, 2759. 
Mugil, 2770. 
Mugilide, 2767. 
Mullets, 2712, 2769. 
Gray, 2769. 
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Mullets—continued. 
Red,-2712: 
Mullide, 2712. 
Mullus, 2712. 
Murena, 2818. 
Murenide, 2817. 
Mustelus, 2899. 
Myliobatide, 2919. 
Myliobatis, 2920. 
Myriacanthide, 2700. 
Myripristis, 2722. 
Myxine, 2931. 
Myxinide, 2931. 


Naia, 2585. 
Nandide, 24720. 
Nandus, 2720. 
Nardoa, 2548. 
Naucrates, 2734. 
Nectes, 2642. 
Nectophryne, 2643. 
Necturus, 2676. 
Nemachilus, 2841. 
Nematognathi, 2825. 
Nemichthys, 2822. 
Nerophis, 2797. 
Newts, 2656. 
Alpine, 2662. 
Banded, 2664. 
Common, 2663. 
Crested, 2662. 
Marbled, 2662. 
Waltli’s, 2665. 
Webbed, 2663. 
Nicorta, 2422. 
Nomeide, 2738. 
Nomeus, 2738. 
Notacanthide, 2788. 
Notacanthus, 2788. 
Nothopsis, 2562. 
Notidanus, 2907. 
Notidanide, 2907. 
Notogoneus, 2856. 
Notopteride, 2850. 
Notopterus, 2850. 
Notothenia, 2745. 
Nototrema, 2649. 


Oblique-Spined Blenny, ey 
Ocadia, 2431. 

Oil Fish, 2766. 

Olm, 2673. 
Onchorhynchus, 2878. 
Onychodactylus, 2669. 
Ophichthys, 2818, 2822. 
Ophidia, 2535. 
Ophidiide, 2809. 
Ophidium, 2810: 
Ophiocephalide, 2779 
Ophiocephalus, 2779. 
Ophisaurus, 2505. 
Opisthoglypha, 2560. 
Ornithosauria, 2396 
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